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UNIVERSITY EDUCATION IN BRITAIN 


N the stimulating discussion of the diffusion of 

knowledge, to which he devoted his Foundation 
Oration at Goldsmiths’ College, University of London, 
last March, Dr. Michael Grent pleaded for recognition 
of the task of exposition as worthy in itself and 
demanding high qualities of skill im interpretation 
and even scholarship ; he also urged that a university 
should study deliberately how to produce the habit 
mind which would make its students want, both 
before and after graduation, to take an open-minded 
interest in at least something worth while outside 
their own careers. The schools cen do little to help, 
but the universities could give their students the 
habit of mind which would enable them to enjoy and 
benefit from reading about subjects other then their 
wn, written in comprehensive terms. 

Much the same point of view was taken by Prof. 
J. A. B. Gray in an inaugural lecture at University 
College, London, on February 23, on the place of 
physiology in university education*. He enumerated 
four main aims of formal courses: the provision of 
professional training ; teaching people to understand 
the language used by experts and to be able to assess 
the value of their opinions; training the under- 
gaduate to interpret evidence and to make sound 
judgments; and to develop a sense of values. He 
pleeed them in that order of increasing difficulty of 
achievement and increasing importance. Men with 
4 sound professional training can increase material 
standards of living, but Prof. Gray believes that if 
our society is to make progress, the universities must 
provide men and women who are not overawed by 
the opinions of experts, who can assess the real 
worth of propaganda, pressure groups and adver- 
tisng, and who have a sense of values, and his 
lecture discussed the possibility of physiology pro- 
viding a basis for such an education in the universities 
as they are to-day. 

Prof. Gray did not, of course, attempt to deal 
comprehensively with modern physiology, but limited 
himself to the discussion of certain problems connected 
with the physiology of receptors and sensory mech- 
anisms. Pointing out that the most challenging of all 
problems connected with sensory mechanisms is to be 
found in the problem of human knowledge itself, 
and that our mental image of the world is determined 
by the ability of our receptors to detect the very 
narrow band of electromagnetic waves that we call 
light, he suggested that the development of receptors 
heving very high sensitivities to events in the environ- 
nent, and so small that animals can employ large 
umbers of them, should be regarded as one of the 
most Significant factors in the adaptation of life to 
‘$ vironment and in the evolution of man himself. 
The width of the contacts which a physiologist 

*The Place of Physiology in University Education. By Prof, 


* 4. B. Gray. (Inaugural lecture delivered at University College, 
H. K. Lewis and 


london, 23 February, 1960.) Pp. 16. (London: 
2s. 6d. net. 


(o., Ltd., 1960.) 


working in this field should have with other branches 
of knowledge illustrates the contribution which 
physiology could meke to his four aims of university 
education. 

One of the problems with which the modern world 
is faced is the great increase in the use of specialized 
knowledge, and at-the same time a decrease in the 
breadth of what is known by any one person. Many 
people, whether they are in a profession, in govern- 
ment service, in industry, or in academic life, are 
constantly needing advice from experts, and frequently 
have to judge between the opposing opinions of 
experts in entirely different fields. The point of 
decision may be in the general administrative field 
but it is frequently on what is a professional or 
scientific matter, and Prof. Gray observes that it is 
@ great help to know what the other person is talking 
about end what sort of questions ought to be asked. 
Physiology, he thinks, has much to offer in this way 
because of its central position among university 
subjects, end he also believes that it could be made 
a gateway to science for those reading for an arts 
degree and who wish to take up a career in adminis- 
tration, because physiology sets out to answer certain 
of the human problems that they are likely to have 
met in their studies.of human thought. Apart from 
this, physiology, as already noted, will bring the 
student into contect with ideas derived from most 
branches of science. 

Prof. Gray readily admits that to have any hope 
of success such a course of physiology would have to 
differ considerably from those run to-day. He also 
claims that physiology can train a man to interpret 
evidence and make sound judgments from it and that 
accordingly it can provide a sound education for 
those who are looking for a non-specialist career in 
administration or industry. Finally, he suggests that 
physiology is able to bring the student face to face 
with questions of value and responsibility. Its subject- 
matter is the mechanisms of life, and this in itself 
tends to stimulate the intelligent student into asking 
himself or discussing with others questions about the 
meaning of life and about the nature of mind and 
consciousness. 

As regards the nature of the courses to serve these 
several purposes Prof. Gray holds that the need of 
each of the different classes of students should be 
considered on its own merits and that courses should 
be constantly developing and changing to meet the 
challenge of new demands. Indeed, in his view, 
physiology itself will only flourish if it is in a position 
to draw help and inspiration both from other branches 
of knowledge and from the applications which it 
serves. It is an advantage to have specialist depart- 
ments in certain specialist institutions, but as with 
many other subjects, the roots of physiology will lie 
in departments which are not only located in multi- 
faculty institutions but also are actively working in 
more than one faculty. 









There is thus some critical thinking elready gomg 
on in the universities of Britain ebout the nature and 
re-shaping of university cducation; the plea which 
the Duke of Edinburgh edvenced, in opening the 
Conference of the United Nations Educational, 
Scientific and Cultural Organization in London on 
humanism and technology, for @ proper balance 
between science and humanism should fall on fertile 
ground. No one, he said, trained for a scientific post 
could hope to make his full contribution unless he 
has a broadly cultivated mind, and it is very doubiful, 
he suggested, whether a traditional scholar could 
really claim to make any contribution to philosophy 
in the technological age if he is utterly ignorant of 
scientific facts. Sir Julian Huxley added that, in the 
long run, it is perhaps of most importance to educate 
people es human beings and there is need for a beck- 
ground of approach to our thought which sees man as 
trustee for the whole of this planet and all those on it. 

Clearly we are here touching the fundamental! 
question of the reel purpose of a university education, 
end in the debate in the House of Lords on May 11 
on university and other higher education in Britain 
this was urged by several speakers as one of the most 
important questions requiring study, if not by a 
Royal Commission, then by something in the nature 
of a Crowther Committee or the University Grants 
Committee itself. Indeed, Lord Beveridge, in urging 
that the purpose of a university to-day is to make 
youth fit and eager to render professional service to 
their fellow citizens, not simply to sharpen wits but 
to build character, seemed to put into different words 
much that Prof. Gray said in his inaugural lecture. 
It is undoubtedly a fundamental question, and the 
answer we give to it may well determine that to be 
given to the various questions arising as to how and 
where university expansion should take place—the 
character as well as the size of university institutions, 
the scale on which they are to be equipped with halls 
of residence and libraries, the balance between 
research and teaching, and the ratio of staff to 
students as well as the content of courses and the 
standards of admission. Unless clear and considered 
answers are given to such questions, university 
expansion is unlikely to proceed at the necessary 
speed without seriously endangering standards. 

The debate in the House of Lords showed that 
these problems are recognized rather than that 
acceptable answers to them have been found. Lord 
Simon of Wythenshawe proposed specifically to refer 
some of them to a special committee of inquiry or 
even to a Royal Commission to consider the needs 
of the next twenty years, and meanwhile to instruct 
the University Grants Committee to proceed with 
its present plans. Lord Beveridge similarly pleaded 
for a special, impartial study of such questions as the 
number of university students at which we should 
aim, the size of particular universities, the emphasis 
on research, the method of selecting students, the 
relation of university education to other advanced 
education for adults in Britain, and the study of 
university methods outside Britain and the changes 
of social conditions and their effect on university 
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life. There seemed to be some general agreement jy 
the debate that expansion in the main musi fall upoy 
the more modern and younger universities or by the 
creation of new institutions, though it was al» 
recognized that some regard must be paid to the 
expansion of technological education ; indeed, it was 
a feature of the debate that the contribution to higher 
education made outside the universities was 
strongly stressed. 

Lord Dalton strongly urged that university maitiers 
should be kept outside the Ministry of Education; 
Lord Adrian edvocated making the Minister of 
Education responsible for all education, university 
and technological, as well as technical and primary 
and secondary, though he did not want to see the 
Ministry take over the functions of the University 
Grents Committee, and in this he had strong support 
from Lord Pakenham. Indeed, he suggested that w: 
must be rather careful that in planning extensions in 
technological education as well as in other fields of 
higher educetion we do not set up an organization 
which would threaten the independence of il 
universities, and he himself supported the idea of en 
independent inquiry quite apart from the problems 
of university expansion. 

No one was more emphatic than Lord Bridges that 
the main point calling for inquiry to-day is what we 
should expect to get from the universities in quality 
rether than in quantity. With such an inquiry into 
what the nation and the professions could expect and 
look for from those who have finished a universit) 
education could go a parallel inquiry into the raie of 
expansion in the universities and the way that 
expension is carried out, including the processes bh) 
which new universities are established, their location 
and the idea of a regional university. Lord Esher 
who was highly eritical of the present university 
graduate, urged the importance of giving change and 
variety to the pattern of university life, and Lor 
James of Rusholme, too, believes that many of th 
present university courses designed to produc 
scholars in a narrow field rather than for the education 
of those with no genuine pretensions to scholarshij 
may not be the most suitable we could devise. Ther 
is something to be said, he believes, for continu 
work in general education, and it is right that w 
should demand not only technical skill and ne 
knowledge but also those judgments of value whi! 
can illumine the life of the whole community. Ve 
count Caldecote meade a similar point in suggestit 
that our selective system is so efficient that it * 
widening a dangerous gulf between those who g0 " 
a university and those who do not. He, too, emphasiz 
the increasing importance of a broad education # 
science takes a larger place in our lives, if science * 
to be our servant and not our master; and he * 
specially concerned at the effects of prematu 
specialization and of paying excessive attention \ 
the passing of examinations to the detriment of broad 
education. He believes that the most imports 
question that requires examination at the momet 
is the effect of university policy on education * 
the sehools. 
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There was other authoritative support for a fresh 
look at the relation between education in the univer- 
sities and in the schools, and at the distribution of 
effort between research and teaching in different 
universities, for example, from Lady Wootton of 
Abinger ; but it was noticeable that neither of the 
Government spokesmen, the Earl of Dundee, early 
in the debate, or Lord Hailsham, in concluding, 
touched on this question of the purpose of education. 
Lord Hailsham, indeed, admitted that democracy 
and parliamentary government and the preservation 
of freedom require an adequate supply of graduates 
if they are to function to-day—this is a matter not 
merely of quantity but equally of quality. Nor did 
Lord Hailsham limit his view of graduates to those 
coming from the universities alone. 

Lord Hailsham’s speech was of interest chiefly for 
what he said about the basis on which the Govern- 
ment has laid its plans for university expansion in 
Britain. It is estimated that, apart from the nine 
colleges of advanced technology with some 9,000 
full-time students, existing universities and university 
colleges had roughly 101,000 full-time students in 
October 1959 and willhave by 1965-67 some 135,000; 
apart from any places that may then be available in 
the proposed new universities at York, Norwich or 
elsewhere. First, Lord Hailsham emphasized that, 
at least up to 1970, the difficulties will lie in finding 
places for the talent that will be available for the 
schools. In the light of this knowledge, the univer- 
sities have discussed with the University Grants 
Committee how far and fast they can expand, and 
the possibility of further expansion from 135,000 to 
170,000 places is now being explored. It is believed 
that this can be achieved without detriment to 
academic traditions and standards by expansion et 
the existing universities, with a contribution from 
new universities. Thirdly, the Government has 
exemined separately the problem of meeting the 
need for scientists and technologists, and by 1970 the 
universities should be producing rather more than 
half the 20,000 required ; some 10,000 would come 
from the colleges of technology. The probable demand 
for school teachers during the next fifteen years has 
also been studied, and it has been decided to provide 
a further 25,500 places in teacher-training colleges. 

Lord Hailsham reiterated the Government’s desire 
to maintain the academic independence of the 
wiversities themselves in spite of their increasing 
dependence on Government finance, and its firm 
support of the University Grants Committee as the 
means for preserving such autonomy. He did not 
exclude the possibility of an independent appraisal 
of the whole situation, and more especially of ques- 
tons of curriculum in both schools and universities, 
though in any such inquiry he would like to see due 
account taken of the views of the Advisory Council 
om Seientifie Policy. Especially he stressed the 
desirability of satisfying ourselves that the present 
atrangements for co-ordination between the univer- 
sities and other places of higher education are 
adequate, and that we have an organization between 
the University Grants Committee and the Ministry 


of Education capable of dealing with questions that 
might arise as to the allocation of resources between 
the universities and the colleges of technology. Lord 
Hailsham promised that the Government would con- 
sider very carefully the points of view that had been 
put forward in the debate, and would seek the best 
possible means of giving effect to them. 

As Lord Simon recognized, more could not be 
expected ; but it is clear that the discussion on the 
purpose of a university education, its content, and 
where it should be given and to what proportion of 
the population, is only beginning. Until those 
questions, however, are answered, no firm decisions 
can, be taken as to the proportion of our resources to 
be expended on higher education, let alone its 
distribution. 


FUTURE OF BRITISH AGRICULTURE 


Principles for British Agricultural Policy 

A Study sponsored by the Nuffield Foundation. 
Edited by H. T. Williams. Pp. xiii+317. (London : 
Oxford University Press, 1960. Published for the 
Nuffield Foundation.) 18s. net. 


GRICULTURE differs so completely from other 
industries that none of the ordinary rules seem 
to apply. It is carried on by individuals and not 
by limited liability companies, its units are small 
compared with those of commercial enterprises, its 
risks cannot in general be estimated and covered by 
insurance, and its financial rewards are on a much 
lower level than those of most other business activities. 
But it plays so vital a part in the life of the nation 
that it has to be kept efficient in good times and bad. 
In 1945 the Nuffield Foundation set up a small 
committee to formulate the principles on which a 
stable agriculture could be based capable of producing 
in time of peace enough food to avoid heavy imports, 
and in time of war expanding sufficiently to save the 
nation from starvation. The committee included 
among others Sir Frank Engledow, Sir Geoffrey 
Crowther, the President, Vice-President and Secretary 
of the National Farmers’ Union. The first draft of its 
report was ready in 1951, and preparations for the 
second, the present volume, began in 1956 : the effect 
of the long delay shows itself in some unevenness in 
the dates of the statistics but it does not appear to 
have adversely affected the text. 

The book opens with an account of the vicissitudes 
of British farming from 1840, when the abolition of 
import duties on corn led to unrestricted competition 
from the newly developing countries which finally 
reduced British agriculture almost to bankruptcy 
in the 1890’s. Some recovery followed, but by 1931 
the experiences of the First World War and the 1920's 
had shown that a different type of treatment was 
necessary if the industry was to survive in any 
efficient way. The first efforts had little success ; 
by 1939, when the Second World War began, only 
about 30 per cent of the nation’s food (measured in 
calories) was being produced at home. Vigorous 
government intervention stimulated greater output 
during the war but at enormous public expense : 
the maximum increase was about 50 per cent in net 
output, but 70 per cent in calories, and it took four 
years to accomplish. 
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After the War it was realized that the provision of 
food for the nation was too important a matter to be 
left entirely to the play of international markets, and 
in 1947 an Act was passed with the object of giving 
agriculture a stable economic basis and directly 
encouraging efficiency in production. The method 
adopted was to help farmers in carrying out improve- 
ments in methods and to assure for all listed commo- 
dities a market at guaranteed prices arrived at by 
negotiations between the National Farmers’ Union 
and the Ministry of Food and Agriculture. This 
involves a good deal of public expenditure, amounting 
now to about £250 million per annum, but it is 
achieving results, and the present output is some 30 
per cent higher than the war-time peak, 68 per cent 
higher than pre-war, and still rising. The Committee 
thinks a further rise of 60 per cent is possible ; the 
methods proposed include an extension of ley 
farming, drainage, and larger use of fertilizers and 
lime. 

The justification for so much public assistance is 
discussed from the social, economic and strategic 
points of view. The social case is not very strong : 
there is no evidence that home-grown food is more 
nutritious than imported, though in so far as it is 
fresher it may be more tasty. Country life is healthier 
than town life and the surroundings are pleasaater, 
but the differences are lessening as urban health 
improves and the beauty of the countryside is 
increasingly despoiled. More might have been made 
of the call of the land that keeps many in the country 
who know they could earn far more in the towns, and 
the fact that 80 per cent of our farmers are farmers’ 
sons and that 40 per cent of their sons are going in for 
agriculture. The economic consideration is that higher 
food production at home protects the balance of 
payments; indeed the ingenious suggestion is put 
forward that our growing industries will require such 
large imports of raw materials that there may be 
insufficient money left to pay for large imports of 
food. 
continued government support are strategic. Agri- 
culture should be so efficiently equipped and directed 
that it could in one season switch over from peace-time 
to war-time farming, and, for guidance to this end, 
that investigations should be started to discover the 
minimum diet under siege conditions. Storage of a 
year’s supply of food, of tractor fuel, and of farm 
appliances is suggested. 

The book covers much new ground, raises many 
points for useful discussion, and will be helpful to all 
concerned with agricultural administration. It will 
be particularly interesting to the large number of 
people who are beginning to wonder whither British 


agriculture is tending. E. Joun Russet 


IN PURSUIT OF WORLD 
HEALTH 


World Health 
By Fraser Brockington. (Pelican Book No. A425.) 
Pp. 405. (Harmondsworth, Mddx.: Penguin Books, 
Ltd., 1958.) 5s. 
O write a book on world health which is directed 
to “all who are interested in the health of the 
world” would seem a boundless undertaking. Prof. 


Brockington takes a wide view of his assignment— 


But the strongest considerations in favour of 
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those with a special interest in the more technical 
problems of the organization of health measures 
throughout the world might deem too wide. But 
if one accepts, in line with the author’s argument, 
that a necessary ingredient of health policy is the 
understanding and co-operation of the people 
affected, that the promotion of better health depends 
on rousing the interest and enthusiasm of politicians, 
specialists and the public in general, then he has 
written the right kind of book. He ranges widely, he 
illustrates richly, he provokes and stimulates by the 
skilful use of example and statistics, he communicates 
enthusiasm. 

Health is essentially a social concept and the 
pursuit of public health involves one, as Prof. Brock. 
ington interprets it, “not only in technology, but 
also in philosophical, anthropological, organizational, 
social and economic considerations”. After a brief 
discussion of the meaning of health and disease 
and a sketch of the picture of disease throughout the 
world, he discusses the social framework and its 
relation to health and disease. In only some hundred 
pages he carries one through a consideration of geo. 
graphy, of beliefs and customs, of family life, of 
population, of occupation, of town life, of hospitals, 
of food, of industrialization. Points are made rather 
than theories developed—he relies on the piquant 
example and the vivid detail. Tuesdays and Fridays, 
one learns, are special days for treatment in Peru 
as they are magically favoured. ‘Spitting forbidden’ 
is not a universally acceptable maxim : the restric- 
tion against spitting tobacco juice on the walls had 
to be withdrawn before the maternity home gained 
favour in one African township. But should there 
be disappointment with the brevity of the treatment, 
he provides for this section a particularly lengthy 
and wide-ranging list of references. (The whole 
bibliography is indeed an excellent and most useful 
compilation.) 

The sections on public health practice throughout 
the world and on international public health give a 
rapid survey of the organization of public health in 
different areas and at different times and lead up toa 
review of the first ten years of the World Health 
Organization. While recognizing the difficulty of 
finding any set of common principles for the practice 
of public health, Prof. Brockington proffers five for 
consideration : ‘the inseparability of preventive and 
curative medicine”, ‘“‘the primacy of preventive 
medicine’, “unity of control’, “co-ordination” and 
‘local government and participation by the people”. 
These would seem to add up to the philosophy which 
runs through the book and to the view of public 
health which Prof. Brockington seeks to propound. 
He looks back with approval on Chadwick, who 
whipped nineteenth-century England along the right 
road, and cites, as an example of an effective modern 
policy, Yugoslavia which “wiped the slate of past 
endeavours clean’? and under the wise guidance 0! 
Prof. Stampar recognized the importance of the 
local health unit and based its health services on the 
health centre and the institute of hygiene. 

In the final section, on the measurement of health, 
Prof. Brockington deals with health statistics and 
the problems of collecting and recording data. It is 
enlivened by shrewd comment and timely cautions; 
but, being both too brief to serve as an adequate 
introduction to the subject and too sketchy to be 
useful as a text-book, one wonders whether the more 
technical material might have been included more 
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usefully as an appendix. It has its place in a com- 
prehensive book on world health, but it is in a differ- 
ent key from the discussion of wider, more general 
issues, and follows awkwardly on a plea for better 
international understanding through the common 
pursuit of health. Certainly for the non-medical 
reader it is not as a text-book but as, in the best 
sense, propaganda, that this is such a very stimulating 
and interesting book. CHRISTINE COCKBURN 


CLASSIFICATION OF THE 
CESTODES OF VERTEBRATES 


Systema Helminthum 

By Prof. Satyu Yamaguti. Vol. 2: The Cestodes of 
Vertebrates. Pp. vii+860. (New York : Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1959.) 90 dollars; £34. 


HE second volume of Satyu Yamaguti’s 

“Systema Helminthum”’, which deals with the 
cestodes, conforms in plan with the preceding volume 
dealing with the digenetic trematodes. Essentially, 
the book is a compilation of diagnoses of 55 families, 
43 sub-families and 466 genera of cestodes, arranged 
in five parts according to the classes of vertebrate 
hosts. Specific names are also listed for the genera, 
and there is a brief “Systematic Survey” bringing 
together all the taxonomic units used down to genera, 
which is followed by 2,427 references to the original 
literature, 584 illustrations grouped in 70 plates, and 
an index taking up rather more than 90 pages of two 
columns each. Some of the criticisms applied to the 
previous volume! apply also to this one. The arrange- 
ment of the diagnoses under the headings of hosts— 
fishes, amphibians, reptiles, birds and mammals— 
will be convenient to some users of the book, but 
others will be dismayed to find the data for genera 
and species dispersed for any family which has 
representatives in two or three classes of hosts. 

An orthodox scheme of classification is adopted. 
Cestodes are arranged in two unequal subclasses, the 
Cestodaria (3 orders, 4 families, 9 sub-families and 31 
genera) and the Eucestoda (10 orders, 51 families, 
34 sub-families and 435 genera). The orders of non- 
segmented cestodes (Cestodaria) are named Amphi- 
linidea (2 families), Gyrocotylidea (1 family) and 
Caryophyllidea (1 family). The orders of strobilate 
cestodes (Eucestoda) are named Pseudophyllidea 
(9 families), Aporidea (1 family), Cyclophyllidea (15 
families), Diphyllidea (1 family), Lecanicephalidea 
(5 families), Nippotaeniidea (1 family), Proteocepha- 
lidea (1 family), Spathebothriidea (3 families), Tetra- 
phyllidea (4 families) and Trypanorhyncha (11 
families). There is also a list of 12 genera incertae 
sedis, § occurring in fishes, 2 in birds and 2 in 
mammals. 

This inequality of the orders of cestodes in respect 
of families extends also to families in respect of sub- 
families and genera. 43 out of 55 families do 
hot require sub-families and these contain 152 out 
oa total of 466 genera. 15 of the 43 families 
contain one genus, 9 contain two genera and 7 contain 
3 genera, while the remaining 12 families contain 
altogether 98 genera, 4-18 per family. 4 of the 


12 sub-divided families have two sub-families (14 
enera), 3 have three (112 genera), 3 have four 
(96 genera), 1 has five (58 genera) and 1 has nine 
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sub-families (22 genera): thus, 12 families contain 
all the sub-families involved in the classification of 
the Cestoda and a total of 302 genera. Notably, the 
Hymenolepididae contains 83 genera, the Dilepididae 
72 genera and the Anoplocephalidae 58 genera. These 
families belong to the Cyclophyllidea. Next in this 
descending order come the Proteocephalidae and the 
Caryophyllaeidae with 22 genera each, and the 
Phyllobothriidae with 20 genera. 

Cestodes are also unequally distributed in the 
classes of host ; 37 families are represented in fishes, 
4 in amphibians, 6 in reptiles, 16 in birds and 10 in 
mammals. However, only 42 families of cestodes are 
represented solely in one class of host, 33 families in 
fishes, 1 family in amphibians, 6 families in birds and 
2 families in mammals. No family is represented in 
reptiles alone. Thus, 13 families of cestodes occur in 
two or more classes of hosts, and there are 31 overlaps 
between the classes, 4 involving fishes, 3 amphibians, 
6 reptiles, 10 birds and 8 mammals. Families repre- 
sented in two classes of host number 1 in fishes and 
reptiles, 1 in fishes and birds, 1 in amphibians and 
reptiles, and 5 in birds and mammals. Families 
represented in three classes of hosts number 1 in 
fishes, amphibians and reptiles, 1 in fishes, amphibians 
and birds, and 3 in reptiles, birds and mammals. In 
contrast with the findings for the digenetic trema- 
todes, not one family of cestodes is represented in all 
classes of vertebrate hosts, or even in four out of five 
of them. 

In his introduction, Yamaguti mentions previous 
work dealing with particular groups of cestodes or 
with cestodes of particular geographical regions. He 
also pays a tribute to the book ‘“‘The Zoology of 
Tapeworms”’, by Wardle and McLeod (1952), the 
only other book dealing with cestodes on a world- 
wide scale. It will be useful therefore to note, so 
far as space permits, how the taxonomic arrangements 
made by Yamaguti compare with those made by 
Wardle and McLeod. Notably, the Caryophyllidea 
is restored to the Cestodaria and the Biporophyllidea 
is abandoned, because based on a form which is 
indubitably a detached proglottis of some strobilate 
cestode. In both schemes the Eucestoda contains 
10 orders, but there are major changes which seem 
reasonable. Yamaguti does not uphold the Disculi- 
cipitidea, referring its type family to the Lecanice- 
phalidea, from which the Echinobothriidae is removed 
to stand as the solitary family of the Diphyllidea, 
which did not occur in Wardle and McLeod’s scheme. 
The Pseudophyllidea has 7 families common to both 
schemes, but the name Diphyllobothriidae replaces 
the name Dibothriocephalidae, and two new families 
are added, the Cephalochlamydidae (2 genera) and 
the Parabothriocephalidae (3 genera). The order 
Aporidea, with its single family the Nematopara- 
taeniidae, is retained. 13 families of the Cyclo- 
phyllidea are common to both schemes, but Yamaguti 
does not uphold the Biuterinidae ; instead, he places 
the three genera (Biuterina, Deltokeras and Cyclor- 
chida) for which Meggitt established the family in the 
Dilepididae, the first two genera in the Paruterinae 
and the third genus in the Dilepidinae. Neyraia 
(Syn. Biuterinoides) is also placed in the Dilepididae 
(Paruterinae). Included also in the Cyclophyllidea 
is the family which I will call the Progynotaeniidae 
Fuhrmann, 1936, emend. Burt, 1939, formerly 
standing in the Acoleidae, and the new family Triplo- 
taeniidae made for T'riplotaenia, which Wardle and 
McLeod placed in the Anoplocephalidae. 
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In the order Lecanicephalidea Yamaguti retains 
the Lecanicephalidae, after abstracting Tetragono- 
cephalum and making it the type genus of a new 
family, the Tetragonocephalidae. He also makes 
Parataenia a synonym of Polypocephalus and rejects 
the family Cephalobothriidae, in which Wardle and 
McLeod placed the latter genus, placing Cephalo- 
bothrium, Hexacanalis, Tylocephalum and Calyco- 
bothrium in the Lecanicephslidae, and making 
Adelobothrium the type genus of a new family, the 
Adelobothriidae. As already stated, the Disculici- 
pitidae is also added to the Lecanicephalidea, and 
another added family is the Balanobothriidae, 
erected by Pintner for Balanobothrium, which Wardle 
and McLeod placed in the Tetraphyllidea ! Yamaguti 
has retained the Nippotaeniidea (1 family) and also 
the Proteocephalidea, which also has only one family 
but, thanks largely to the work of Mola and of 
Woodland, 7 sub-families, to which the Prosoboth- 
riinae is now added to contain Prosobothrium (Syn. 
Lintoniella). Wardle and McLeod placed “‘Lintoniella”’ 
in the Proteocephalidea (Proteocephalidae) but 
Prosobothrium in the Lecanicephalidea (as a genus 
inquirendum) ! The order Spathebothriidea is 
retained as founded by Wardle and McLeod, and the 
two large families of the order Tetraphyllidea with 
comparatively few changes, although Tetracampos 
is removed, regarded as a synonym of Polyoncho- 
bothrium and placed in the Pseudophyllidea. 
Myzophorus is also removed and placed in the 
Proteocephalidea. Two new families are added to 
the Tetraphyllidea for genera not mentioned by 
Wardle and McLeod, namely the Triloculariidae and 
the Maccallumeiollidae. Finally, Yamaguti upholds 
the ten families of the complex order Trypanorhyncha, 
which is divided into the sub-orders Cystidea (8 
families) and Acystidea (3 families) ; included in the 
Cystidea is the family Hornelliellidae erected by 
Yamaguti in 1954. 

It would be beyond the scope of this review to enter 
into further details. Let it suffice to say that 
Yamaguti’s sterling attempt to correct many errors 
of judgment which appear in “The Zoology of 
Tapeworms” will be received gratefully by many 
parasitologists. They may not agree with his scheme 
in its entirety, but will have to admit that it is a 
step in the right direction. The illustrations are 
better than those of trematodes in the previous 
volume, although some of them are too small to be 
serviceable. That part of the “Systema Helminthum”’ 
which deals with the flat-worms (Platyhelminthes) is 
now complete. Unfortunately, it is not a text-book 
and therefore morphological details are diagnostic 
and incomplete. But the task of arranging about 
3,290 species of cestodes (discounting about 560 
names which include synonyms, varieties, renamed 
species, etc.) and 4,934 species of digenetic trematodes 
(discounting about 333 names of synonyms, etc.) in a 
taxonomic scheme has been achieved. Families in 
the Cestoda and the Digenea number respectively 
55 and 102, sub-families 43 and 355, and genera 466 
and 1,024, respectively. Both groups are pre- 
dominantly parasitic in fishes and the Digenea show 
the greater degree of spreading into other classes of 
vertebrate hosts. For the assembly of this enormous 
amount of scientific data Yamaguti has richly earned 
the gratitude of an army of research workers in the 
field of parasitology. Ben DAWES 


1 Dawes, B., Nature, 183, 957 (1959). 
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THE PRESENT POSITION IN 
LEATHER SCIENCE 


The Chemistry and Technology of Leather 
Edited by Fred O'Flaherty, William T. Roddy and 
Robert M. Lollar. Vol. 2: Types of Tannages, 
(American Chemical Society Monograph Series, No, 
134.) Pp. xiv+554. (New York: Reinhold Publish. 
ing Corporation; London : Chapman and Hall, Ltd., 
1958.) 132s. net. 


EATHER science is not amenable to easy pre. 

sentation in text-book or treatise form. Many 
of the problems of practical importance to the industry 
are of such complexity that only empirical results 
exist, which different investigators have attempted 
to link together by plausible hypotheses. It is not 
possible to decide between rival hypotheses using the 
available data, so that differing views have in some 
instances continued to exist side by side over long 
periods, with fluctuating popularity. In contrast, 
topics where scientific progress has been greatest 
—the composition and structure of collagen, the 
structure of vegetable tannin materials—can only 
with difficulty be related to practical problems facing 
the industry to-day. 

This uneven development of the subject is reflected 
perhaps more sharply in the second than in the first 
of the four volumes on ‘The Chemistry and Tech- 
nology of Leather’’, entitled “Types of Tannages”, 
which F. O’Flaherty, W. T. Roddy and R. M. Lollar 
are editing for the American Chemical Society 
Monograph Series. Vegetable tanning and chrome 
tanning are each considered in three chapters, one 
concerned with the chemistry of the tanning agents, 
a second with the mechanism of tannage and the 
third with the industrial process. While T. White 
ably summarizes critically the extensive structural 
research on vegetable tannins, a comparable critical 
account is not achieved by T. C. Thorstensen in his 
chapter on the chemistry of chromium salts. The 
chapter by E. B. Thorstensen on the practice of 
chrome tanning is also inadequate, which is especially 


unfortunate in view of the present importance of 


chrome tanning processes in the industry. 

The treatment of other tannages varies according 
to the interests of the author. A. Kuntzel, in his 
account of oil tanning (chamois leather), draws on 
literature from all over the world. In contrast, 
G. A. Butz, in considering combination tannages, 
concentrates on the production of U.S. Army ‘Retan’ 
leathers. He includes a number of detailed manu- 
facturing processes, whereas some other authors 
exclude these. Each of these two chapters is valuable 
in itself, but they do not stand easily side by side in 
a single book. 

The rapid development of zirconium tamnage has 
already somewhat outdated I. C. Somerville’s clearly 
written account. Other chapters are concerned with 
aldehydes, alum and iron tanning, the use of silica. 
polyphosphates, replacement synthetic tans, resi 
tannage and sulphony] chloride. 

Three general chapters are included in the volume. 
Y. Nayudamma gives a useful summary of shrinkage 
temperature measurements and their significance, 
while L. Seligsberger and C. W. Mann draw on their 
experience at the U.S. Quartermaster Research ané 
Engineering Center, Natick, Mass., to discuss stability 
of tannage. This chapter is especially valuable as the 
subject has been neglected by other books on leather. 
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R. M. Lollar’s opening chapter on the criteria which 
define tannage, illustrates the difficulties of drawing 
general conclusions, and of summarizing so varied a 
subject. 

Much of the book is of too technical a character to 
interest chemists other than those concerned with the 
production and use of leather. For leather chemists, 
it provides useful summaries of certain fields, but in 
others, requires cautious study, and in a third, 
smaller, group of subjects, it gives only an inadequate 
account. Students will not easily use it, except for 
reference, and even there its usefulness is limited 
by the need to read critically. In this respect, the 
second volume falls short of the first, where several 
chapters, while providing adequate reviews, were 
also excellently adapted to student use. 

A. G. Warp 


THE NEWER METALS 


Tantalum and Niobium 

By Dr. G. L. Miller. (Metallurgy of the Rarer Metals, 
No. 6.) Pp. xxii+767. (London: Butterworths 
Scientific Publications; New York: 
Press, Inc., 1959.) 120s. ; 21 dollars. 


Analytical Chemistry of Titanium Metals and Com- 
pounds 

By Maurice Codell. (Chemical Analysis: a Series of 

Monographs on Analytical Chemistry and Its Applica- 

tions, Vol. 9.) Pp. xiii+378. (New York: Inter- 

science Publishers, Ine.; London: Interscience 

Publishers, Ltd., 1959.) 90s. 


The Chemical Behavior of Zirconium 


By Warren B. Blumenthal. Pp. vi+398. (Prince- 
ton, N.J.: D. Van Nostrand Company, Ine. ; 
London: D. Van Nostrand Company, Ltd., 1959.) 


82s. 6d. 


OMPARATIVELY recent improvements in the 

techniques of extraction metallurgy have given, 
in effect, new metals for old. The higher degrees of 
purity now attainable, and in particular the much 
greater control over oxygen, nitrogen and hydrogen 
contents, have with several metals caused brittleness 
to be replaced by an attractive ductility. This, and 
the constant search for metals capable of withstand- 
ing ever more stringent conditions of service, accounts 
for the considerable amount of research and develop- 
ment work now in progress on metals such as niobium, 
tantalum, titanium, and zirconium, with which the 
three books under review are concerned. 

In his book ‘Tantalum and Niobium’’, Dr. G. L. 
Miller has followed the general pattern of his earlier 
Volume, “Zirconium”, in the same series. Most of the 
available data on niobium and tantalum are pre- 
sented in a systematic manner and generally in 
considerable detail. About a third of the book is 
devoted to the extraction and consolidation of the 
metals, another fifth to the known binary equilibrium 
diagrams, and a seventh to behaviour of the metals 
under corrosive conditions. The role of niobium and 
tantalum in steels and in heat-resisting alloys is 
dealt with less fully, and reference is made to a 
monograph on the subject. 

Many line diagrams and half-tone plates are used 
‘o illustrate the text and apart from a few printing 
“rors the book is well produced. 


Academic 
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During the past five years there has been a con- 
siderable increase in the effort devoted to the refrac- 
tory metals and their alloys, and it seems likely 
that this book has been produced just before the 
results of many of the newer investigations are 
published ; a second edition may be required at a 
relatively early date. In the meantime, the volume 
will be a useful reference book for those concerned 
with the production of niobium and tantalum, and 
with research into their properties. 

Realization of the importance of minor impurities, 
and the development of titanium from a scientific 
oddity to a metal of technological importance has 
brought with it many analytical problems. In his 
book on “Analytical Chemistry of Titanium Metals 
and Compounds” Maurice Codell has provided a 
comprehensive account of modern methods. About 
100 pages are devoted to the chemistry of titanium 
and general analytical procedures, including spectro- 
graphic, vacuum fusion, polarographic and spectro- 
phometric techniques, 200 pages to the analysis of 
titanium and its alloys, and 70 pages to the analysis 
of titanium-bearing pigments, ores and slags. 

Experimental detail is clearly presented, and the 
lay-out is such that the book may conveniently be 
used as a laboratory handbook. Within this volume 
any competent analyst should find the information 
and guidance that will enable him to deal with any 
analytical problem relating to titanium which he is 
likely to encounter. It is unfortunate that in a book 
of this kind there should be no details of reproduci- 
bility of the analytical results for titanium and 
titanium alloys. In this respect the author is incon- 
sistent, since he gives details of accuracy of some 
spectrographic and vacuum-fusion methods. It is to 
be hoped that in any future edition he will provide 
this kind of information more generally throughout 
the book, for it would add greatly to its value and 
help readers to select the analytical technique most 
suitable to their purpose. 

In his preface to “The Chemical Behaviour of 
Zirconium”’, Warren B. Blumenthal writes that it 
was his intention to provide students and research 
workers with a broad and detailed account of the 
chemistry of zirconium as an element and as a com- 
ponent of compounds, interstitial solutions and 
alloys. The space devoted to alloys is so small that 
the author can scarcely claim to have dealt with this 
branch of his subject. It is therefore in regard to his 
other objectives that the book should be judged. 

The text is supported by numerous references, and 
the reader should be able to find the available informa- 
tion on the reactions of zirconium compounds. One 
difficulty in presenting knowledge on zirconium 
compounds arises from the lack of conclusive data 
on the structures of ions and compounds of zirconium. 
This leads to the presentation of a large number of 
structural models without the sound experimental 
backing usually found in other fields of inorganic 
chemistry. It also enables the author to point out 
several fruitful fields of study for chemists interested 
in the structure of inorganic compounds. 

The author’s claim that ‘‘ . . . the basic rules are 
presented that govern the properties of zirconium 
and its compounds”’ is scarcely justified. The immense 
amount of information presented is largely in the 
form of detailed accounts of the reactions of zir- 
conium compounds without emphasis on the under- 
lying electronic principles. It may be that at this 
stage a satisfactory and systematic treatment is not 
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possible because so much more experimental work is 
required before the reactions discussed by the author 
can be properly understood and correlated. He 
would probably have been wise to make less ambitious 
claims for his book, and to put it forward as a record 
of what is known about zirconium compounds, 
recognizing the limitations that are imposed by 
writing at this relatively early stage in the develop- 
ment of the subject. A. G. QUARRELL 


EVOLUTIONARY THEORY AFTER 
MENDEL 


Genetics and Twentieth Century Darwinism 
(Cold Spring Harbor Symposia on Quantitative 
Biology, Vol. 24.) Pp. xv +321. (Cold Spring Harbor, 
New York: Long Island Biological Association, 
1959.) 8 dollars. 

ETWEEN an introduction by E. Mayr, surveying 
B the contemporary aspects of evolution, selection 
and speciation and a concluding synthesis by G. L. 
Stebbins, which is partly based on the twenty-two 
contributions by the participants in the symposium, 
this volume contains a good deal of factual informa- 
tion from many fields. While the general and quali- 
tative conclusions of the specialists are on the whole 
remarkably uniform and furthermore similar to 
concepts which Darwin himself held a century ago, 
one is struck by the vastly greater extent and certainty 
of our knowledge and also by the superior techniques 
and quantitative methods which are employed in 
gaining this knowledge. 

The only fundamental difference between our 
approach and that of Darwin stems from our recog- 
nition of particulate and chromosomal inheritance as 
the basis of much of hereditary variability upon which 
selection and isolation act ; and thus mutation and 
gene recombination—processes of which Darwin was 
of necessity ignorant—play very prominent parts in 
our ideas of evolution. Genes as raw materials of 
evolution are considered by Dobzhansky, Stubbe and 
Buzzati-Traverso, while race formation by selection 
is described by Morley and by Schwanitz in plants, by 
Mourant (blood groups), Barnicot (climatic influences) 
and Coon (other ecological factors) in man and by 
Lamotte in snails. Genetical conditions conducive or 
refractory to race formation are described by Carson. 
The interplay between ecology and genetics in the 
evolution of mimicry is expounded by Sheppard ; 
the differentiation—hybridization cycle and polyploidy 
in Achillea by Ehrendorfer. 

Speciation and isolation are described by Kitzmiller 
and Laven in mosquitoes and by Baker concerning 
flowering plants. Wallace analyses the influence of 
genetical systems on geographical distribution. 

In addition to those contributions, which deal with 
evolutionary processes still at work, there are four 
papers concerning the fossil record and evolutionary 
rates in early vascular plants (Andrews), mammals 
(Kurten), fossil (Heberer) and contemporary (Hunt) 
man. A final rather heterogeneous group of papers, 
headed “Trends of Evolution”, deals with the nature 
and origin of supraspecific taxa (Simpson), the 
chromosome evolution in the Australian flora and the 
progress in the brain and sense organs of animals 

(Rensch). 
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As usual in the Cold Spring Harbor series, the 
individual papers are followed by selections from the 
discussions in which, in addition to the contributors, 
a wider circle of listeners participated. 

Like its predecessor on the “Origin and Evolution 
of Man” (1950) the present symposium included 
geneticists, anthropologists and palzontologists, to 
which, however, ecologists were added. This fourfold 
attack resulted in a broader grasp of the subject of 
evolution : in revealing the existence of considerable 
gaps and blurs between the descriptions it also shows 
where further work is needed. 

The volume is well produced, illustrated and 
documented, and I have noticed only one editorial 
mistake : a completely wrong title in the contents of 
the paper on p. 115. H. Katmvus 


THE EXPLODING WIRE 
PHENOMENON 


Exploding Wires 

Based on Conference on the Exploding Wire 
Phenomenon, April, 1959, conducted by Geophysies 
Research Directorate, Air Force Cambridge Research 
Center, with the co-operation of Lowell Technological 
Institute Research Foundation. Edited by William 
G. Chace and Howard K. Moore. Pp. 373. (New 
York: Plenum Press, Inc. ; London : Chapman and 
Hall, Ltd., 1959.) 76s. net. 


URRENT interest in thermonuclear projects, in 
high-speed photography, and in phenomena 
associated with shock waves has provided a powerful 
stimulus to research on exploding wire phenomena. 
It is a disappointment to find that the first book on 
this subject, described by the publishers as a signifi- 
cant monograph, is only a collection of papers pre- 
sented at a conference, with no index, no record of the 
discussions, and the minimum of introduction. 
Apart from the stiff binding and the high quality of 
the illustrations, the arrangement of the material 
which has been adopted, putting the diagrams at the 
end of each paper, and the photographic reproduction 
of the text, cause this volume to resemble the preprint 
of a conference rather than an authoritative work. 
Some of the papers presented are excellent ; but the 
general emphasis is on experimental methods rather 
than on results. Roughly half the twenty-five papers 
presented deal with the use of techniques such as 
voltage and current oscillography, high-speed photo- 
graphy and radiometry in studying the explosion of 
wires by condensers storing energies between one and 
one million joules. Of particular interest are paper 
dealing with the ‘dwell time’ between the initial 
current pulse and the build-up of the main discharge. 
and Scherrer’s elegant work with a water-dielectr 
condenser. The remainder of the volume is evenly 
divided between theory and application. In the 
former category there are three useful papers 
cylindrical shock waves; the applications includ 
flash sources for photochemistry, the bonding © 
nonconductors, plasma acceleration, and as fuses '° 
protect condenser banks. , 
While this volume will be of value to workers in the 
field, it is neither sufficiently correlated nor compr* 
hensive enough to be a good, balanced account of the 
subject. It would have been greatly improved by th 
inclusion of a long introduction describing the previo” 
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work in the field, particularly that of Anderson and 
Nagaoka and recent Russian contributions. Some 
unnecessary illustrations, such as the three successive 
pages of pictures of somewhat pedestrian electronics, 
could well have been omitted. It is not easy to see 
why these papers have been collected in a single, 
highly priced volume, when they could have been 
published in a scientific journal. 
B. A. THrusH 


A STUDY OF NON-LINEAR 
PROBLEMS 


Nonlinear Problems in Random Theory 

By Prof. Norbert Wiener. (Technology Press Re- 
search Monographs.) Pp. ix+131. (Cambridge, 
Mass.: Technology Press of the Massachusetts 
Institute of Technology ; New York: John Wiley 
and Sons, Ine.; London: Chapman and Hall, 
Ltd., 1958.) 36s. net. 


HIS is a collection of lectures reproduced by 

participants of a course given by Prof. N. Wiener 
at the Massachusetts Institute of Technology. The 
lectures were recorded by means of a tape-recorder 
and thus the volume includes the author’s spoken 
words; photographs of formule actually written 
down on the blackboard are reproduced. The result- 
ing informal style fits very well with the contents ; 
there is a wealth of ideas and suggestions, both on 
theory and applications, but the mathematical 
reasoning is often somewhat incomplete. 

The book deals with non-linear functionals of the 
sample functions x(t) of a stochastic process, which 
for the most part is the Brownian motion (Wiener) 
process. Starting with a description of that process, 
the author then studies certain homogeneous ‘poly- 
nomial’ functionals F(x) = f...fKy(ty,.. -, t,)dx(t,) 

. dx(t,) and their expectations. With the help of 
an orthogonalization process, which makes such 
homogeneous functionals of different degree ortho- 
gonal to each other, a theory of expansions of arbi- 
trary functionals in terms of homogeneous ones is 
developed. This is the main tool for the evaluation 
of the autocorrelation function and the spectrum of 
special functionals suggested by some applications. 
Frequency modulation problems, for example, lead 
to functionals of the type exp(if... [f(t +71,...-, 
'+%)de(t,) ... dx(t,)). Comparing the computed 
spectrum with the spectrum observed in electro- 
encephalography, the author offers as a model for 
the generation of brain-waves certain non-linear 
oscillators excited by a random input. The same 
methods are used in the discussion of the analysis 
and synthesis of non-linear networks, where the author 
irst gives reasons why it suffices, in a sense, to con- 
sider a Brownian (shot-effect) input. Here, as well as 
in the preceding lecture, experimental details are 
briefly discussed. 

The author outlines in a rather sketchy way con- 
hexions between the Brownian motion process on 
one hand, and quantum mechanics and statistical 
mechanics on the other hand. He remarks that the 
interpretation of the square of the absolute values 
of the coefficients in the eigenfunction expansion of 
*wave-function as probabilities has never been made 
clear in quantum theory, and he suggests such an 
‘xplanation based on a formal analogy. In his new 
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approach to statistical mechanics, the number of 
particles in a region of the phase-space is considered 
as an additive random functional. 

In two lectures on coding and decoding, discrete 
processes are considered instead of continuous ones, 
and analogies to the earlier orthogonal expansions 
are treated. Coding consists of representing a given 
time series by a certain sequence of independent 
and equally distributed random variables. Decoding 
consists of the reverse operation, where each member 
of the sequence is determined by the ‘past’ of a given 
time series and conversely. 

As stated in the foreword, the series of monographs, 
of which this is the first volume, is designed to make 
accessible research studies which are larger in scope 
than a paper in a specialized journal, but less ambi- 
tious than a finished book. It certainly has made a 
good start. 

K. KrICKEBERG 


WEATHER RECORDS OF THE 
WORLD 
World Weather Records, 1941-50 


(U.S. Department of Commerce: Weather Bureau.) 
Pp. ix+136l. (Washington, D.C.: Government 
Printing Office, 1959.) 4.75 dollars. 


FOURTH volume has been added to the series 

of ‘“‘World Weather Records,”’ this time over the 
imprimatur of the United States Weather Bureau 
and produced in collaboration with the staff of Blue 
Hill Meteorological Observatory, Harvard. 

The three previous volumes, due to H. H. and Miss 
F. L. Clayton, were published in the Miscellaneous 
Collections of the Smithsonian Institution in 1927, 
1934 and 1947. These year-by-year records of 
monthly values of temperature, rainfall and atmos- 
pheric pressure are an essential reference for all whose 
work is concerned with climatic behaviour and trends. 
The new volume, which principally covers the decade 
1941-50, has been eagerly awaited. The data, con- 
tributed by the meteorological services of more than 
eighty nations, refer to some seven hundred points 
all over the world. In this volume ocean weather 
ship stations in the North Atlantic and North Pacific 
make their appearance for the first time, as do the 
remote islands of Marion, Heard and Macquarie in 
the Southern Ocean and the stations in the Falkland 
Islands Dependencies in Antarctica. 

Another welcome feature is a great increase in the 
number of places for which long records have now 
been made available; notable additions in the 
present volume are Budapest (from 1780), Toronto 
and Hobart (both 1841—), St. Helena (pressures 1892-), 
Jan Mayen Island (1921—), as well as many tropical 
islands, extra places in the United States, Japan and 
elsewhere and data for Russian stations since the 
Revolution. There are also long tabulations of lake- 
levels, river-levels, dates of freezing and thawing, etc. 

This is a fat volume, but the price has been kept 
encouragingly modest. It is to be hoped that the 
series will continue in this style, that further old 
records which have been, or are being, homogenized 
will be included in future volumes, and that some day 
the wide gap in the world meteorological network in 
the South Pacific will be filled by a weather ship. 

H. H. Lams 
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The Second BBC Naturalist 
Edited by Desmond Hawkins. Pp. 124. 
Adprint, Ltd., 1960.) 10s. 6d. net. 
“F-TXHE Second BBC Naturalist’’ sets out to do as 
“The BBC Naturalist’? did—provide in perma- 
nent form a record of the British Broadcasting 
Corporation’s wild-life programmes; but whereas 
“The BBC Naturalist” contained articles on wild-life 
in the United Kingdom, the second book has ventured 
farther afield—to such places as the Galapagos 
Islands, Africa, the Indian Ocean, etc. 

“The Second BBC Naturalist” is a completely 
independent book. The title is misleading in that it 
suggests it to be the second volume of a series. 
However, it is not necessary to possess, or even to 
have seen, ‘““The BBC Naturalist’ in order to enjoy 
this second book. 

It contains twenty-two articles on wild-life, 
following its introduction, specially written by such 
well-known naturalists as David Attenborough, 
James Fisher, Hans Hass, Maxwell Knight, Peter 
Scott and others equally as famous. Fach article is 
very pleasantly written, and from the wide variety of 
subjects there should be something to interest 
everyone. 

Each page contains at least one interesting picture 
or diagram, some in black-and-white, some in colour, 
many most unusual. There are some particularly 
fascinating charts showing the speed and height of 
bird flight, and man’s visual field compared with 
that of the owl, the woodcock and the fish. 

It is not necessary to have watched or listened to 
the B.B.C. programmes to enjoy this book. It is 
complete in itself and should find its place on the 
bookshelves of naturalists and laymen, children and 
adults. B. J. G. MarIrLanp 


(London : 


National Academy of Sciences—National Research 
Council 

Publication No. 713: Digest of Literature on 

Dielectrics, Vol. 22, 1958. Pp. xiii+ 293. (Washington, 

D.C.: National Academy of Sciences—National 

Research Council, 1959.) 5 dollars. 


UBLICATION 713 of the National Academy of 

Sciences—National Research Council is Volume 22 
(1958) of the “Digest of Literature on Dielectrics” 
prepared by the Committee on Digest of Literature 
of the Conference on Electrical Insulation, Division 
of Engineering and Industrial Research, and edited 
by R. A. Sodermann and L. F. Frisco. The contents 
consist of four parts—measurements, general and 
theoretical, insulation, and applications—and an 
introduction by L. F. Frisco entitled “Trends in 
Research and Development in 1958”. There are 
twelve chapters, each written by a different set of 
authors, and the attempt is made in each chapter to 
assess the overall progress in a particular field and to 
stress the more important achievements. Part 1 
consists of two chapters, the first dealing with 
dielectric measurements below 100 Mc./s., measure- 
ments above 100 Mc./s., cable measurements, and 
books and reviews, and the second containing tables 
of dielectric constants, dipole moments and dielectric 
relaxation times. The subjects covered by the five 


chapters of Part 2 include conduction phenomena 
in solid dielectrics, ferro-electric and piezo-electric 
materials and ferromagnetic materials. During 1958, 
cadmium sulphide continued to be the most important 


NATURE 


August 27, 1960 Vou. a7 


material for studies of photoconduction. Several 
new ferro-electrics, mostly water-soluble organic 
crystals and oxide ferro-electrics, were discovered, and 
in the study of ferro-electricity and piezo-electrivity in 
ceramics, the shift in emphasis was from barium 
titanate towards the high Curie-point materials 
related to lead titanate and lead niobate. Switching 
mechanisms in ferro-electric single crystals received 
considerable attention. The bibliographies on ferro- 
electric and piezo-electric materials, and on ferro- 
magnetic materials, contain 339 and 500 items 
respectively, and illustrate the great activity in these 
subjects and the wide coverage of the digest articles on 
these topics. 

Insulation properties discussed in Part 3 include 
those of rubbers and plastics, imsulating films, 
insulating liquids, and ceramics. Developments in 
transformer insulation continued to be directed 
toward higher temperatures and moulded or cast 
insulating structures. Part 4 consists of one chapter 
in which a comprehensive review is given of progress 
in the development of capacitors, wires, cables, wave- 
guides and radomes. Military interest in components 
and systems to operate at high temperatures and in 
the presence of high-intensity nuclear radiation 
accounts for a considerable amount of the experi- 
mentel work reported, but commercial interest in 
units to operate under more moderate conditions 
but with high uniformity of performance and 
reliability, was still very pronounced during 1958. 

S. WErINTROUB 


Crystal Chemistry of Simple Compounds of 
Uranium, Thorium, Plutonium, Neptunium 
By E. S. Makarov. Translated from the Russian by 
E. B. Uvarov. Pp. iii+145. (New York: Consul- 
tants Bureau Inc.; London: Chapman and Hall, 

Ltd., 1959.) 423. net. 


HE major part of this book consists of an account 

of the crystal structures of the polymorphic 
forms of thorium, uranium, neptunium and 
plutonium and of their binary alloys and com- 
pounds. Complete structural data are given where 
possible ; unit cells and space groups, co-ordination 
numbers and interatomic distances are listed, to- 
gether with many diagrams of the various structures, 
based on data published up to mid-1957. Inter- 
metallic compounds are discussed far more exhaus- 
tively than compounds formed with non-metals; 
the treatment is brief and factual, with little critical 
discussion. 

In addition, there are three chapters on general 
aspects of the subject. An introductory chapter 
deals with the relation between bond types and 
crystal structure ; this chapter is so condensed that 
it is somewhat confusing and it would scarcely be 
suitable for a student learning the subject. There s 
a chapter on the atomic radii of the actinides which is 
simply a summary of an article by W. H. Zachariasen. 
The crystal chemistry is discussed generally in the 
last chapter as it bears on the position of thes 
elements in the Periodic Table ; this contains 4 list 
of compounds of Groups IVa, Va and VIa, and of the 
lanthanides of the same structural types as the 
analogous actinide compounds, which are discussed 
in terms of the well-known dual nature of the earlier 
members of the actinide series. 

This book will be useful to research workers and to 
teachers of structural chemistry mainly as 4 guide 
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tothe literature ; it provides no substitute for a study 
of the original papers. The translation is adequate, 
but there are several typographical errors. There is 
no index ; the compounds are grouped according to 
the position of the second element in the Periodic 
Table. L. E. J. RoBerts 


Prehistoric Man in Europe 

By Frank C. Hibben. Pp. xv +317 +24 plates. (Lon- 
don : Constable and Co., Ltd. ; Norman, Oklahoma : 
University of Oklahoma Press, 1959.) 50s. net. 

YOWADAYS an author should think twice before 
N attempting to describe the whole of prehistoric 
times in the compass of one volume, even when only a 
restricted area such as that of Europe is under 
consideration. 

Although the first 102 pages of this book are 
devoted to the earliest times, one suspects that Mr. 
Hibben, a resident in America, has interests which lie 
rather in the post-mesolithic phases of the subject. 
It might have been wise to have asked some member 
of the American School of Prehistoric Research at 
Harvard, which has done so much to further palzo- 
lithic studies in Europe, to examine the earlier chap- 
ters, as well as the not too well selected bibliography, 
where the name of Movius is not mentioned and that 
of Hencken begins with a K, and where in some cases 
early works only are cited and their authors’ later 
publications on the subject omitted. Mr. Hibben 
seems somewhat happier in the later part of the book 
where Bronze Age, Iron Age and Classical cultures 
are considered. 

The illustrations have been kept down to a mini- 


mum, but the reason, of course, may well be one of 


finance; they include a charming photograph of a 
reconstruction of the Roman Forum in its glory. 
Of course, there is a lot of information given and the 
reading is easy, but the book cannot be said, especially 
as regards the earlier periods, to be a definitive work 
on the subject. Mites BuRKITT 


The Literature of the Social Sciences 
An Introductory Survey and Guide. By Peter R. 
Lewis. Pp. xx+222. (London: Library Association, 
1960.) 28s. ; 4.20 dollars. 


A LTHOUGH this book does not claim to be more 
than an introductory survey and guide, it covers 
a wider field than its title might suggest. It is 
apparently intended for the administrator, the 
business man, the research worker and the general 
reader, and it also deals to some extent with library 
administration. On the strictly sociological side it is 
somewhat slender in view of its title but here and 
throughout it is sufficient ly strong on the periodical 
literature to render it probable that the conscientious 
reader will be guided to what he requires. One 
exception may be noted on the historical side: the 
Annals of Science fills a place where the author 
recognizes that he has provided very slender cover. 
For the rest, it is difficult to criticize an admittedly 
selective compilation when the basis of selection is 
unknown, but it might be observed of the chapter on 
political science and public administration that it is 
surprising to find no reference to Sir Ernest Barker’s 
works and that the section on the Civil Service omits 
too many important books. The style and production 
of the book are admirable and there is a good index. 


NATURE 729 


Introduction to Symbolic Logic and Its Applications 
By Rudolf Carnap. Translated by William H. 


Meyer and John Wilkinson. Pp. xiv+24l. (New 
York: Dover Publications, Inc.; London: Con- 


stable and Co., Ltd., 1958.) 


T is a welcome sign of the times to have Carnap’s 

book (perhaps the most comprehensive ‘‘Introduc- 
tion to Symbolic Logic’’ in existence) made available 
in English at a modest price. This is something of 
immediate value to the student of symbolic logic, and 
will carry him right up to the frontier of advanced 
work. He will not find it easy going, but all the 
essentials are there. Part 1 deals with the system, 
and Part 2 with the application. 

Broadly speaking, the subject as we know it has 
existed for scarcely more than a century (though its 
roots lie further back into history), and the reader 
will soon realize that the Aristotelean logic of the 
traditional kind only amounts to a trivial fraction 
of the whole domain. Strictly, to construct a system 
of symbolic logic is not to build up a language so 
much as a skeleton of a language. The bones are 
clothed by the interpretation of certain signs: it is 
this process which leads to applied logic, because of 
the great variety of these interpretations. 

One of the objects of this discipline is to eliminate 
pre-suppositions—especially in geometry—which have 
crept in unawares, for example, in the long history of 
Euclid’s parallel postulate. Another aim is the 
establishment of a powerful symbolism such as 
algebra enjoys. Numerous problems and examples 
are included. 

An application of deep interest is Woodger’s 
attempt to axiomize biology, possibly a major factor 
for the future development of biophysics. 

F. I. G. Rawtrys 


1-85 dollars; 15s. 


The Use of Stereographic Projection in Structural 

Geology 
By F. C. Phillips. Second edition. Pp. vii+86. 
(London : Edward Arnold (Publishers), Ltd., 1960.) 
l6s. net. 

FJ HE first edition of this book is well known to 
| structural geologists and a new edition is to be 
welcomed. This concise and commendably inexpen- 
sive book provides geologists with a first-rate intro- 
duction to the subject. Dr. Phillips writes so clearly 
that what in some hands might be a formidable topic 
is reduced to enviably simple terms. The reader is 
first introduced to the principle of stereographic 
projection and is then shown its value as a geological 
tool. Dr. Phillips has not made any major changes 
in the text and the new edition differs only in detail 
from its predecessor. Recent advances are, however, 
noted and the bibliography has been enlarged. 

The proof of the pudding is in the eating, and Dr. 
Phillips can quite justifiably state, as he does in his 
prefatory note to the second edition, that ‘“The cail 
for this edition proves that a concise account of these 
methods is an acceptable and useful addition to 
geological literature’’. 

It is largely because of the work of Dr. Phillips 
that such methods are now more widely used by 
geologists than when this book first appeared. When 


a third edition is called for, a short review of some 
of the more interesting of recent applications of 
stereographic methods to tectonic syntheses might, 
in my opinion, be useful. 


J. SuTTON 
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By Pror. L. FEARCE WILLIAMS 


LL forms of humen activity have their myths 

which serve for a time to codify and crystallize 
ideas and methods into a tradition. When the 
historical conditions out of which these myths have 
sprung are altered, however, the myths themselves 
often linger on to challenge and bedevil future 
generations. 

The myth of Michael Faraday, the strict experi- 
mentalist, is one of these. Its origins are, I think, 
fairly clear. The first helf of the nimeteenth century 
witnessed the creation of a whole host of new sciences. 
Chemistry, biology, electrochemistry, physiology, to 
mention only a few, were then erecied into truly 
scientific disciplines. The birth of a new science is 
almost invariably accompanied by enormous enthu- 
siasm. The new facts, or the new way of looking at 
old facts, which mark the beginning of a new 
departure stimulate waves of speculation in which 
the ettempt is made to build overnight what generally 
takes decades to achieve. Meny of these enthusiastic 
guesses mey later be shown to be of real value 
although at the time they were ignored. A young 
science, however, has few criteria for the testing of 
general speculations. Only when the science has 
matured is there a ‘sense of the possible’ which 
permits the critical examination of hypotheses and 
the separation of the whole grain from the straw. 
In the nascent stage, therefore, heavy emphasis must 
be put upon the foundations; no matter how 
beautiful or seductive a suggested superstructure 
may be, there will be enormous pressure to ignore it 
(and to discourage the activities which give rise to 
these speculations) and get on with the more 
immediate task. Faradey wes midwife to a number 
of such new sciences. His work on electrochemistry, 
electrostatic induction, electromegnetism, light, and 
the magnetic condition of matter mark the beginning 
of a new tradition in these studies. Faraday’s more 
conservative and less-gifted contemporaries recog- 
nized his genius by depicting him as a foundation 
builder of unsurpassed skill. Here is the familiar 
figure of Fareday the empiricist gently coaxing from 
Nature the new fects upon which others could ereci 
general theories. Here I wish to modify this picture 
by adding a new dimension. Faraday, the layer of 
empirical foundations for new sciences, is known to 
all; I wish to introduce Michael Faraday as a master 
architect, to whom new facts were the raw materials 
for the construction of a theoretical edifice of startling 
beauty and symmetry. 

The concept of the field to-day underlies the whole 
picture of modern physical reality. The phrase 
‘physical reality’ should be stressed, for field theory, 
bristling with complicated mathematical equations 
and dealing with the strange properties of space, 
seems far removed from ordinary ideas of everyday 
experience. It also seems out of place when the 
subject is Michacl Faraday, self-confessed mathe- 
matical illiterate, and the epitome of self-taught 
common sense. Yet my purpose here is to indiceve 
*Evening discourse at the Royal Institution delivered on May 4. 


Department of History, Cornell University, Ithaca, New York 





precisely how the idea of the field slowly emerged 


from Faraday’s considerations of the nature of 


meter and its forces. As I shall attempt to show, 
the specific discoveries which earned Faraday immor- 
tality in the history of science—the laws of electro. 
chemistry, the discovery of specific inductive 
capacity, the rotation of the plane of polarized light 
by a magnetic field, diamagnetism—were the logical 
deductions from an overall theory which guided him 
in his investigations and culminated in the concep 
of the field. 

In a charming passage of a letter to his friend 
Benjamin Abbott, dated August 1, 1812, he recounts 
the following anecdote: “Six or seven years ego 
whilst standing at the door of a gentleman’s house 
and waiting until my knock should be enswered, | 
thrust my head through some iron railing that 
separated the doorway from another and then | 
began to consider on which side of the rail I was. In 
my mind I affirmed that the side possessing my head 
was my station for there was my perception, my 
senses. I had just sufficient time to ascertain this 
when the door opened and my nose began bleeding 
by the contact of the rail and such matter as that 
quickly put flight to my rude metaphysics. Simple 
as is this instance it did more in illustrating this case 
to me than all the arguments I have heard since on 
the subject, or all the affirmations that have been 
made”’. 

This “rude metaphysics’ was later refined in dis- 
cussions with his friends from the City Philosophical 
Society, and Faraday seems quite early to have 
accepted the main points of the view first put forward 
by Bishop Berkeley. In essence, this philosophy 
rejected the idea of a separate ‘matter’ of which the 
perceptible qualities of bodies were properties. Where 
Locke had stated that there was something (matte) 
which remained when all perceptible qualities had 
been stripped away, Bishop Berkeley insisted that 
reality consisted solely of these perceptions and thet 
‘matter’ was a mere figment of the imagination. 
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This philosophical point of view enabled Faraday 
to accept an atomic doctrine which also banished 
matter from the world. In the eighteenth century ea 
Jesuit, Father R. Boscovich, had, for purely physical 
reasons, rejected the ‘billiard ball’ atoms of New- 
tonian science and substituted point centres of force. 
Fig. 1 represents such an atom with its centre at O. 
Approaching O along OB, one follows the hyperbola 
of Newton's inverse square law to H, where the force 
becomes more steeply attractive. H marks the 
boundery between the macroscopic and atomic 
realms. From H to O, there are shells of attractive 
(below OB) and repulsive (above OB) force. From C, 
the force becomes increasingly repulsive so that no 


two point centres cen ever coincide. Faraday himself 


pointed out in 1844 that this idea of an etom makes 
aminimum number of assumptions. We experience 
directly the attractive end repulsive forces of matter ; 
we never experience ‘matter’ without these forces. 
Thus, although seemingly an extremely abstract 
concept, this theory of matter actually corresponds 
most directly with our experience of the world. 

Point atoms preserve all the properties of billiard 
balls—impenetrability, obedience to universal attrac- 
tion, extension—but have advanteges that billiard 
balls do not. In chemistry, particularly, they could 
be put to excellent use. The meshing of forces to 
yield specific and stable compounds provided a 
theoretical framework for the understanding of the 
law of definite proportions which the clumping of 
billiard balls could not rival. Similarly, the theory 
explained changes of state, the regularity and 
stability of crystalline forms, and the origin of 
chemical qualities as the result of molecular form 
with considerable elegance. Faraday, it will be 
remembered, was trained as a chemist by Sir Hum- 
phry Davy, and Davy wes a disciple of Boscovich. 
With Berkeley end Boscovich providing the philo- 
sophical orientation, in 1831 Faraday began those 
“Experimental Researches in Electricity’? which 
by 1855 were to lead him to the concept of the 
field. 

In 1831, Faraday discovered the induction of an 
electric current by a moving magnet, and almost 
immediately after, by another cwrent. It was this 
latter phenomenon which intrigued him. Why should 
&curent be produced in the secondary when the 
cutent ceased in the primary ? The particles (and 
by particles Faraday meant compounds of point 
aioms) of the secondery, he reasoned, must be in 2 
peculiar state induced by the current in the primary. 
When this current ceased, the particles returned to 
hormal, producing a deflexion of the galvanometer 
needle. Such a state must be one of tension among 
the particles, the release of which created the observed 
curent. The state of tension Faraday called the 
‘electrotonic state’, and it was to take a central role 
m his further investigations. 

_ The idea that a state of tension might be induced 
by electrical forces among the constituent molecules 
of bodies provided a valuable insight into the mech- 
‘nism of electrochemical decomposition. How and 
why the chemical components of bodies in solution 
‘trough which an electric current could pass should 
be separaicly obtained at the electrodes without any 
evidence of their passage through the solution had 
‘ng puzzled people. The electrotonic state offered a 
As the electrical force was applied 
at the electrodes, the compound molecules could be 
‘rained in tension between them until a certain 
*titieal point was reached. At that point the electro- 


possible answer. 
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negative and electro-positive particles of the com- 
pound would break asunder and move in opposite 
directions, where they would immediately meet with 
an oppositely charged particle from the neighbouring 
molecule travelling in the other direction. At any 
given moment the constituent particles would be 
pessing in opposite directions but tied together con- 
stantly in chemical combination, to be released only 
at the electrodes. 

This scheme, supported by a number of clever 
experiments, accounted satisfactorily for the observed 
phenomene. But it also hed revolutionary implica- 
tions. Most important of these was the denial of 
action at a distance which had previously been 
invoked to explain ionic migration. To Faraday, 
force wes trensmitted by contiguous particles and 
not across spece. To prove this, he argued that the 
uniform deposition of chemical entities upon the 
electrodes indicated thet the transmission of force 
wes in curved lines. This could not be reconciled 
with ection at a distance, which ought to take place 
along straight lines. He also hinted at a new definition 
of an electric current (to which, however, he refused 
to commit himself here). The rise and fall of the 
electrotonic state and the consequent transmission of 
force in opposite directions pleased him more than 
the hypothesis of one or two electric fluids, which no 
one had yet succeeded in detecting separate from 
ordinary ponderable matter. The major weakness in 
Faraday’s interpretation wes the purely hypothetical 
existence of the electrotonic stete itself. He had 
deduced it from phenomena but had been unable to 
observe it. Its rise and collapse he felt was so rapid 
that the state was too evanescent to detect. This 
evanescence was due solely to the mobility of the 
molecules in solution. If the same particles could be 
immobilized, surely the electrotonic stete could still 
be induced and then detected! 

A piece of borate of lead which, when fluid, acted 
as an electrolyte, was used in the attempt to observe 
the existence of the electrotonic condition. When it 
wes placed in an electrostatic field and polarized 
light passed through it, nothing happened. The con- 
clusion that Faraday, “the strict empiricist’, drew 
from this was striking. He did not conclude that the 
electrotonic state did not exist but that: ‘“‘notwith- 
standing the new and extraordinary state which must 
be assumed by an electrolyte, either during decom- 
position ... or in the state of tension which is 
assumed as preceding decomposition, and which 
might be supposed to be retained in the solid form 
of the electrolyte, still it has no power of affecting a 
polarized ray of light’’. 

In spite of the experimental evidence, therefore, 
Faraday remained convinced that the electrotonic 
state did exist in solids. To relinquish this concept 
would plunge him back into the old confusion of 
‘electric fluids’ and action at a distance. With it 
(even though it remained hidden from sight) he could 
move ahead into other arees. In particular, it pro- 
vided an important clue to the mechanism of electro- 
stetic induction. In this case, as with electrolysis, 
the application of electric force set up a state of 
tension in which the contiguous particles were 
deformed and _ polarized. Discharge through a 
dielectric occurred when the tension grew too great 
for the particles to withstand, end, with great release 
of energy, the electrotonic state collapsed. Almost 
incidentally, Faraday showed that the breaking point 
ought to depend on the nature of the dielectric, that 
is, @ specific inductive capacity should exist. 
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Again, the passage of electric force could be 
accounted for without the supposition of specific 
fluids acting mysteriously at a distance. Experiment 
here could decide between the two rivals. The 
fundamental problem to be resolved was: Did 
electrostatic induction occur along straight or curved 
lines ? With infinite patience Faraday mapped the 
lines of inductive force and announced triumphantly 
that they were curves. They must be, consequently, 
the result of the strain of contiguous particles. 

In this masterful series of researches, Faraday had 
brought together a number of seemingly separate 
phenomena under the single law of mduction. The 
three separate cases of metallic conduction, electro- 
lytic conduction and disruptive discharge he had 
shown were reducible to the degree of strain of which 
the constituent particles were susceptible. Metals 
could take very little, so the rise and collapse of the 
electrotonic state was almost instantaneous ; electro- 
lytic conduction depended on the strength of 
chemical affinity binding the particles together, and 
the collapse of the electrotonic state was accompanied 
by ionic transfer; disruptive discharge took place 
when the highly strained particles, locked in their 
positions by the forces of solid cohesion, gave way 
with a snap. In each case, induction preceded con- 
duction and conduction was viewed as the breakdown 
of the induced electrotonic state. 

By the end of 1838, after seven years of sustained 
experimental and theoretical effort and with the last 
brick in place in his theory of electrical action, 
Faraday’s health finally gave way. He was forced 
to rest, and only slowly did he recover his powers of 
concentration and the strength to begin a new series 
of researches. 

The new starting point was a fairly obvious one. 
He had shown, at least to his own satisfaction, that 
electrical effects were the results of the action of 
contiguous particles and that electrical forces were 
transmitted in curved lines by means of these par- 
ticles. The next step was to find out if magnetic 
effects, so clearly involving curved lines of force, were 
not also dependent upon the deformation and tension 
of contiguous particles. Faraday’s reasoning here is 
exactly the same as that used in the case of electro- 
static induction. Since the megnetic influence could 
pass through non-magnetic substances (as electro- 
static forces could through non-conductors), should 
there not be a state of magnetic strain induced upon 
the particles by which the force was transmitted ? 
To detect this state of strain he had recourse once 
again to a ray of plane-polarized light passed through 
a piece of heavy lead glass in a strong magnetic field. 
This time the plane of the light was rotated. Four- 
teen years after he had first suspected its existence, 
something akin to the electrotonic state had finally 
been detected. 

Since bodies which permitted the electric force to 
work through them but were otherwise unaffected by 
electricity had been named ‘dielectrics’, Faraday 
christened substances through which the magnetic 
forces could work without being themselves magnetic, 
‘diamagnetics’. Surely, however, these bodies in 
which a magnetically induced strain existed could 
not be totally indifferent to the magnetic forces. 
Coulomb had claimed in the 1780's that all bodies 
were magnetic but, except for iron and nickel, so 
faintly so that any effect was almost impossible to 
By 1845, when Faraday discovered dia- 

most investigators had despaired of 
With the 


discover. 
magnetism, 


finding the effect suggested by Coulomb. 
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evidence of the magnetic susceptibility of dia. 
magnetics before him, Faraday returned to the task, 
using the most intense magnetic field he could find, 
According to Coulomb, diamagnetics should line up 
along the lines of magnetic force and exhibit the 
same, although much weaker, polarity as iron. To 
Faraday’s surprise, diamagnetics tried to move away 
from the intense parts of the magnetic field and 
aligned themselves across the lines of force. 

Faraday had not anticipated this result (the only 
effect so far which had not been a logical consequence 
of his theoretical views) but it did not at first perturb 
him. As he experimented with this new effect, 
observed the action of many different materials in 
the magnetic field and attempted to account for his 
observations within the old framework of the strain 
of contiguous particles, he met with serious obstacles 
which were ultimately to prove insurmountable. [ 
cannot, in the limited space available here, detail his 
twistings and turnings as he attempted to save the 
hypothesis which had served him so well. Instead, I 
must over-simplify the tale a bit but not, I think, 
with any risk of distortion of the main lines of the 
evolution of his thought. Let us look at the next 
seven years (1845-52) in the light of three questions 
the answers to which ought to be found, according 
to Faraday, in terms of the strain of the constituent 
molecules: (1) How can the transverse alignment of 
diamagnetic substances be explained? (2) What 
kind of polarity should diamagnetics have ? (3) How 
can the magnetic properties of gases and space be 
fitted within the framework of the theory of mole- 
cular strain ? 

At first, Faraday felt that the transverse alignment 
of diamagnetics involved no theoretical difficulties. 
Diamagnetics can transmit the magnetic force only 
weakly ; if they are placed in media which can take 
up @ greater degree of strain, the effect would be to 
align the diamagnetic transversely to the magnetic 
lines of force and also to push it out of the field as 
the more highly magnetic medium displaced it. 
Diamagnetics, then, were not really different from 
magnetic bodies; they were only weaker. This 
being so, they should have the same kind of polarity 
as magnetics but of a much feebler strength. When 
tests for polerity were made, however, another 
unforeseen result was found. Diamagnetics had no 
polarity. If finely divided bismuth were sprinkled 
upon a sheet of paper under which a magnet was 
placed, the only effect was the ‘repulsion of the 
bismuth particles from the magnetic pole ; there 
was no mutual effect of the bismuth particles upon 
one another. Nor with other tests could any polarity 
be detected. 

Another difficulty was encountered when empty 
space was the medium. Iron pointed axially and 
bismuth pointed transversally in a vacuum. Boseo- 
vichean point-atoms, let it be noted, were infinite in 
extent since the force of attraction extended to 
infinity, so that the alignment of the iron might stil 
be reduced to the strain of ‘contiguous’ particles 
But the differential action required for the trams 
versal alignment of a diamagnetic could not be 
accounted for, since it involved an increase 
longitudinal forces as these forces were diluted ) 
distance—a clear contradiction. 

Finally, the behaviour of gases was irreconcilable 
with the molecular hypothesis. Oxygen is magneti(; 
according to the theory of molecular strain, the 
oxygen molecules ought to be deformed and straimed 
along the lines of force and the volume should 
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decrease. Similarly, the molecules of a diamagnetic 
gas should be repelled by the field with a consequent 
expansion of volume. Using extremely sensitive 
gauges, Faraday sought to find these effects and 
failed. 

For seven years he came back again and again to 
these problems, trying somehow to preserve the 
conjecture which had served him so well. Those who 
insist that Faraday was a strict experimentalist who, 
at best, devised ad hoc hypotheses to aid him in 
specific researches and quickly discarded them once 
the results were forthcoming, should read his labor- 
atory journal for these years to see the hold that 
theory had over him. 

Gradually, however, he recognized that the facts 
cold not be foreed into his hypothesis, and he 
quietly abandoned it as it applied to magnetism and 
diamagnetism. In 1852, he published a remarkable 
peper in the Philosophical Magazine entitled “On 
the Physical Character of the Lines of Magnetic 
Force’. The development of the ideas contained 
therein may be traced back to his discovery of dia- 
magnetism, but they are here presented in all their 
fullness. For many yeers he had spoken of lines of 
foree, and, at least in his own mind, had meant the 
lines of molecular strain. We have, indeed, followed 
this idea from electrochemistry through electrostatic 
induction to the discovery of diamagnetism. By 
1852, however, the physical basis of the strain had 
heen eliminated. What Faraday would not eliminate, 
could not eliminate, because it presented itself so 
obviously to his eyes and understanding, were the 
lines of foree themselves. That they existed inde- 
pendently of their means of detection—for example, 
iron filings or a wire cutting them to generate a 
curent—he felt must be admitted ; that the action 
wes not simply at a distance was indicated by their 
curved form. But he recognized the lack of a material 
carrier of the foree. ‘‘I cannot conceive curved lines 
of foree without the conditions of a physical exist- 
ence in that intermediate space. If they exist, it is 
not by a succession of particles, as in the case of 
static electric induction, but by the condition of space 
tree from such material particles’. 

What a strange thing we now have—a strain with 
nothing to be strained. But wait, there is always 
that Aladdin’s genie of the nineteenth century—the 
ether—to be brought in to solve all difficulties. 
Will not all difficulties disappear if space be filled by 
& subtle ethereal fluid capable of being strained by 
electric, magnetic and gravitational forces ? Faraday 
does say that a line of force “may be a vibration of 
the hypothetical aether, or a state of tension of that 


THE R. W. PAUL 
A REPORT ON 


ion the will of Mr. R. W. Paul, who died in 
1943, a Committee wes set up to administer the 
R. W. Paul Instrument Fund and to receive applica- 
tions from British subjects who are research workers 
inGreat Britain for grants for the design, construction 
and maintenance of novel, unusual or much improved 
‘types of physical instruments end apparatus for 
or ceeigations in pure or applied physical science. 
nee its inception the Committee has voted nearly 
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aether equivalent to either a dynamic or a static 
conduction”. But he also goes on to point out that 
“‘it may be some other state’’ difficult to conceive. It 
may be that Faraday simply suspended his judgment 
over the physical basis of the strain. I cannot prove 
that he did not, but there is some very tenuous 
evidence to suggest that he saw these lines in a quite 


definite manner. : 
In January 1855, John Tyndall noted in his diary 
‘“‘Heard Faraday lecture. . . . Some strange views 


of foree—I think he deceives himself by attributing 
an objective existence to his mental images’’. 

Let us go back to the boy with his head stuck 
through the iron railings of a fence and asking on 
which side reality lay. Let us see the man accepting 
Berkeley and Boscovich and who would freely (after 
exhaustive empirical investigation) accept the ‘ob- 
jective existence’ of his mental images. What would 
he have replied had he been asked, “‘What is strained 
in the lines of force if they can exist in space ?”’ I 
think he would have said, “Space itself’’. Nor should 
this really come as a surprise. Whet, after all, are 
the Boscovichean atoms but forces (that is, strains of 
some kind) in space. Or, to put it another way, to 
ask for a physical sub-stratum to be strained is 
equivalent to the demand of a material sub-stratum 
of force. Faraday had rejected the one; I think 
he saw no over-riding reason for not rejecting the 
other. 

What then was the field? I submit Faraday saw 
it as a strain in space. Matter, too, was a strain in 
space but it differed from the magnetic, gravitational 
and electric field in that it was radial (or polar), while 
the field was linear. The interaction of these two 
basic strains provided the fundamental and universal 
laws of the universe. 

[ cannot end without attempting to explain why 
Faraday did not come out bluntly and say that the 
field was a strain in space. The reason is, I feel, very 
simple ; he knew people would think him either mad 
or senile (as Tyndall hints). The incredulity which 
greeted Einstein’s statement of much the same thing, 
some fifty years later, after the existence of the 
ether had been conclusively disproved, can serve as 
a rough measure of what Faraday would have faced. 
What Faraday left were the hints from which modern 
field theory has been constructed. To his contem- 
poraries, the hints were the vapourings of an extra- 
ordinary mind which seemed to get lost in areas 
beyond the competence of a strict empiricist. It was 
more comforting to entomb him in a myth, than to 
follow his ideas to their revolutionary conclusion 
—modern field theory. 


INSTRUMENT FUND 
ITS ACTIVITIES 


£165,000 in respect of some forty-two instruments. 
An account of some of these was published in 1954 
(ref. 1); a survey of further instruments constructed 
or being devised is given below. 

While any new instrument frequently has addi- 
tional uses to the one primarily intended, it may be 
convenient for reading to group the instruments 
according to their main purposes. The absence of a 
particular field of physical instrument design from 
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the following account does not mean that it would 
not be eligible for support from the Paul Fund. On 
the contrary, its absence from this account probably 
means that there has been no relevant application 
hitherto, and that such an application would have a 
good chance of support. 

Astronomy. Astronomical interests have been 
the subjects of grants made to Dr. B. V. Bowden, 
Prof. 8. Devons and Prof. R. O. Redman. 

The grant to Dr. Bowden at the Manchester College 
of Science and Technology was originally made to 
the late Dr. A. Burawoy ; it is being used to develop 
Dr. Burawoy’s ideas for large optical filters with 
sharp transmission characteristics. These filters 
depend on the employment of organic compounds 
with better characteristics than dyes previously used, 
and are intended for use with telescopes of high 
light-gathering power. 

The grant to Prof. Devons at the University of 
Manchester has enabled an investigation to be made 
into the design of a meniscus Schmidt camera for 
photographing emission nebulze in H« light in con- 
junction with narrow-band filters. The fact that the 
camera is designed for light of a specific wave-length 
enables the relative aperture to be made as high as 
f/0-7. It is hoped to publish the design details. 

Prof. Redman is investigating the possibility of 
using comparatively thin flexible mirrors for ‘astron- 
omical telescopes. This would have the advantage of 
reducing many mechanical problems in_ telescope 
construction, since the weight of the structure could 
be substantially less than that of conventional 
telescopes. Moreover, the smaller mass of the mirror 
would enable it to attain thermal equilibrium more 
quickly. It is proposed to support the mirror by air 
cushions to maintain its figure as the telescope is 
rotated. The experimental mirror will be of 36-in. 
aperture, and approximately l-in. thickness; the 
present investigation is concerned with finding a way 
of polishing and figuring such a mirror, and of 
designing the appropriate air supports. Another 
project in the University Observatories at Cambridge 
has been the development of multichannel speciro- 
scopy using a Michelson-type interferometer. This 
development, which was initiated by Dr. P. B. 
Feligett®, has since been extended by many other 
workers, and is an important addition to spectro- 
scopic techniques for use with weak sources such as 
occur in astronomy and in far infra-red investigations. 

Nuclear and atomic physics. In nuclear and atomic 
physics, grants have been made to Prof. B. Bleaney 
and Dr. H. G. Kuhn, Dr. J. Moffatt, Mr. R. M. 
Sillitto and Prof. D. Gabor. 

The first of these grants has facilitated the con- 
struction by Dr. G. K. Woodgate of an atomic beam 
magnetic-resonance apparatus® which has been used 
to measure the hyperfine structure of the ground- 
state of radioactive silver, Nl Ag. More recently, the 
apparatus has been used to develop a new method 
for measuring nuclear magnetic moments directly‘, 
and by this method it has become possible for the 
first time to measure the magnetic moment of a rare- 
earth nucleus. Such experiments have been done on 
the stable isotopes of europium. 

The grant to Dr. Moffatt, originally made to Dr. 
R. Wilson, who is now in America, has been used to 
construct a Cerenkov radiation detector for 100-MeV. 


gamma-rays. A crystal of thallous chloride, 12 em. 


long and 9-5 em. in diameter, grown by the U.S. 
Army Engineer Laboratories at Fort Belvoir, has 
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been used as the Cerenkov medium. The resolution 
(approximately 30 per cent) does not compere with 
that of a pair spectrometer, but the very high 
efficiency of detection is useful for investigating high- 
energy photon scattering. 

Mr. R. M. Sillitto hes constructed a 30-chennel 
pulse-height analyser using transistors and cold. 
cathode ‘Dekatron’ counting tubes, and Prof. Gabo; 
has built a new type of Wilson chamber. This uses 
& resonant cavity in which an electric field, very near 
the breakdown strength of the gas filling, is produced 
by a powerful 10-cm. microwave generator during 
the sensitive phase of the chamber. The microwave 
field produces an excess of tertiary electrons at its 
peaks, twice per cycle, and if the gas is one with high 
electron attachment, these tertiary electrons will twn 
into ion pairs inside a half-cycle, and produce periodic 
thickening of the tracks. This principle enables 
time-marks to be applied to the particle tracks et 
intervals of 1-67 x 10-'° sec., and this promises to 
give direct measurement of the velocity of par. 
ticles in the Wilson chamber and thence their 
masses. 

Spectroscopic analysis. Grants have been made for 
spectroscopic purposes to Sir Charles Dodds, Dr. 
P. M. B. Walker and Prof. R. V. Jones and Dr. A. H. 
Holbourn. 

With the first of these grants a new flame spectro- 
photometer has been designed and constructed by 
Mr. R. L. Warren at the Courtauld Institute of Bio- 
chemistry, London. It is to be used for estimating 
trace metals in biological material. As an example 
of the high sensitivity achieved, less than 4 x 10-° gm. 
of strontium can be determined. Details will be 
published shortly’®. 

Dr. Walker, at the University of Edinburgh, is 
developing a high-speed integrating microspectro- 
photometer to facilitate the analysis of biological 
cells or liquid droplets of the order of 10°2* volume. 
One of the problems in these applications is that the 
distribution of the material in the specimen is non- 
uniform ; moreover, in the biological application it 
is also often necessary to exclude from the measure- 
ment unwanted structures lying within the field of 
integration. This instrument is therefore designed to 
integrate the absorption of a specimen which can be 
resolved by the microscope, and at the same time to 
allow the limits of the integrated area to be accuratel; 
and quickly defined by the operator before measure- 
ment begins. 

Dr. A. H. Holbourn, at the University of Aberdeen, 
is constructing a ruling engine for 8 cm. x 5 cm. 
diffraction gratings. The spacing of the lines in the 
grating is controlled by connecting the grating blank 
to the movable mirror of a Michelson interferomete! 
In the short lengths of gratings so far ruled there ar 
no periodic errors, and random errors in line position 
are less than 2 x 10-* cm. 

Image devices. One of the most interesting develop: 
ments in observational techniques has been the 
production of various types of image devices. In this 
connexion, grants have been made to Prof. G. F. J 
Garlick, Dr. H. H. Hopkins, Prof. J. D. MeGee ané 
Dr. C. N. Smyth. mF 

Prof. Garlick and Mr. M. Springford, m ™ 
University of Hull, are investigating physical pre’ 
lems in the design of solid-state image intensifier 
The important limiting factors have been found t 
lie in the photoconductor component of the device 
Attempts are being made to produce cadmium st 
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phide and selenide layers of good sensitivity (especially 
to X-rays) and with more rapid response than existing 
materials. Stacked single crystals have been success- 
fuly used in combination with electroluminescent 
layers, but @ more easily manufactured form of 
phovoconductor is still being sought. 

De. Hopkins, at the Imperial College of Science 
and Technology, London, has designed a siatic 
seamning fibroscope for transporting optical images 
without using lenses. The element of the system is 
a composite glass fibre, the core having a high 
refractive index and the sheath a low one. The 
fibres are assembled into flexible bundles, and light 
falling on the end of any one fibre is transmitted to 
the other end of the bundle. Since the relative 
positions of the individual fibres are made the same 
at both ends of the bundle, an image incident on one 
end is reproduced at the other. If fiexibility is not 
required, the bundles can be fused together, giving a 
matrix of low index glass traversed by the high index 
fibres. In this form the device can be used as an 
exit window for an image intensifier, the phosphor 
being on the inner side of the window, and a photo- 
graphic plate being in contact with the outer surface. 
In principle, this technique can be used to give a 
very large angle of collection of light without the use 
of lenses. Flexible bundles can be used for medical 
and industrial endoscopy. 

Prof. J. D. McGee, also ai the Imperial College, is 
investigating the problem of an image intensifier for 
X-zays. After examining the use of a television-type 
tube in which the photoconduciive target is replaced 
by one highly sensitive to X-rays, Prof. McGee 
decided that a better approach would be to develop 
a high-gain image intensifier capable of detecting 
single photo-electrons. This image intensifier is then 
used to intensify the light coming from a conven- 
tional X-ray fluorescent screen. The primary limit 
on the quality of pictures would then be set by the 
fluctuations in the X-ray quanta absorbed by the 
screen. Development of several types of image 
incensifier was carried on by Prof. McGee’s group, 
and one of these, developed by Dr. Wilcock, Mr. 
Emberson and Mr. Weekley, has recently approached 
the high performance required. 

Another form of image device is the ultrasonic 
mage camera, of which a prototype has been built 
by Dr. Smyth. The instrument enables a picture of 
invernal flaws and structural details in a body to be 
presented on a cathode-ray screen. The body is 
uradiated with ulirasonic waves, and the energy 
scattered by inhomogeneities is focused by a plasiic 
lens on to a quartz plate which constitutes the end 
surface of an electronic image tube. The piezo-electric 
charge pattern produced by the ultrasonic image is 
scanned by the electron beam in the tube, and a 
signal derived from the beam is made to give a visible 
mage by normal television techniques. The proto- 
type image has a field of 2 sq. em. with 1,000-point 
resolution, and work is now proceeding to increase 
both the size and quality of the picture. The 
mstrument could have applications in the _ in- 
spection of materials and of objects such as the 
human | dy. 

Microwaves. Although the development of micro- 
wave techniques has been very rapid during the past 
twenty years, there remain substantial problems in 
connexion with power measurement at microwave 
frequencies, and in the generation of waves of still 
shorter wave-lengths. In the former connexion, 





grants have been made to Prof. H. M. Barlow, at 
University College, London, and Prof. A. L. Cullen, 
at Sheffield. 

Four instruments have been developed at Univer- 
sity College, depending for their action on mechanical 
forces produced by the electromagnetic field and for 
their calibration in length, mass and time only. These 
instruments provide reliable standards for microwave 
power measurements over a wide range of values 
both in the 3-em. and 8-mm. wave-bands. The 
8-mm. wattmeter employs a resonant cavity, and 
appears to be the first instrument capable of absolute 
power measurements in the millimetre wave-band. A 
fifth instrument depends for its operation on the Hall 
effect produced in a small piece of semiconductor 
situated in an electromagnetic field. A satisfactory 
instrument has been developed in the 7-5-cm. and 
3-cm. wave-bands for powers of the order of a few 
hundred milliwatts®. 

Prof. Cullen’s work with Mr. M. J. de Belin at 
Sheffield is an extension of the work’ which Prof. 
Cullen was doing under the Paul Instrument Fund 
grant at University College, and is concerned with 
the detection of microwave power at the level of 
microwatts or less. The measuring technique uses 
the fact that electromechanical forces such as radia- 
tion pressure and electrostriction depend on the 
square of the amplitude, so that if two separate 
microwave sources are used, of frequencies f; and f», 
the resultant mechanice!l force will contain a term 
fluctuating at the frequency f,-—f,. It is proposed to 
use @ quartz vibrator, resonant at this difference 
frequency as the sensitive clement; piezo-electric 
voltage developed by the crystal will provide the 
output of the instrument. 

Dating techniques. The development of physical 
dating techniques has been supported by grants to 
Dr. 8. C. Curran end to De. E. T. Hall. 

Dv. Curran, of the Royal College of Science and 
Technology, Glasgow, had as his objective the 
development of a very sensitive proportional counter 
of large dimensions, giving special attention to the 
reduction of background-rate. This incorporates 
shielding proportional counters, and the large inner 
detector ‘is effecsively wall-less. In this way the dis- 
turbance, due to penevrating radiation interacting 
with the, walls is reduced to almost negligible values. 
A background-rate as low as 0-4 count per min. per 
litre of effective volumes has been achieved, and of 
this more than half is due to the unavoidable inter- 
action of penctrating radiation with the gas filling. 
The electronic equipment rejects all extraneous 
pulses with 100 per cent certainty. The system hes 
been shown to be suitable for the examination of 
very ancient specimens*, and at the same time it has 
been established that it will have application to other 
investigations such as the measurement of L/K- 
capture ratios’. 

The work supported by the Paul Fund and being 
done by Dr. E. T. Hall at Oxford is concerned with 
the remanent magnetism in baked clay, which can 
be used to obtain geophysical information about the 
Earth’s magnetic field in archzological times and 
also conversely to date archzxological samples of 
unknown age. A spinning magnetometer suitable for 
use with large samples (up to 18 in. in dimension) has 
been constructed ; the speed of rotation is limited to 
300 r.p.m. to avoid risk of damage to valuable 
specimens, and the first application of the instrument 
has been to the Chinese Yiieh vases. These were 
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TOR determining the accumulated fall-out deposit 

on the ground, y-spectrometric determination of 
fission products in the surface layers of soil seems to 
have distinct advantages compared with other 
methods'-*. Evaluation of the deposit from measure- 
ments of activity in precipitation has a disadvantage 
in that the sampling efficiency of the collecting device 
differs from that of the ground, and further makes it 
necessary to add up contributions from a number of 
samples, which, in the case of long-lived components, 
will become very large. Radiochemical determina- 
tions of the fission-products in soil are rather time- 
consuming and involve difficulties as regards determ- 
ination of the chemical yields. y-spectrometric 
determination of a nuclide in soil is possible if it 
has a y-line well resolved from other y-lines and with 
an intensity comparable to the natural y-activity of 
the soil. In this article, measurements on _ soils 
sampled in June 1959 are reported. In this case it 
was possible to determine cxsium-137 and zirconium 

















niobium-95. 

The samples were taken on June 10-12, 1959, on 
pasture-ground not cultivated during the past five 
years at two latitudes across the country, 60° N. 
and 63° N. respectively (Fig. 1). As it was of interest 
to correlate the deposit with the amount of precipita- 
tion, the samples were collected in the immediate 
vicinity of weather stations. At each site three cores 
with an area of 320 cm.? and a depth of 10 cm. were 
taken at a distance of a few metres. The cores were 
cut in four layers with a thickness of 2-5 cm. each. 
The vegetation was included in the top layer. After 
drying at 110° C. the corresponding layers from the 
three cores were thoroughly mixed. Due to the 
different soil characteristics, the volume of these bulk 
samples varied between 1-5 and 3 litres. The y- 
spectrometric determinations were made with the 
apparatus already described? (10 em. x 10 em. 
sodium (thallium) iodide-detector and 70-channel Fig. 1 
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kicksorter). The sample container had a volume of 
1-0 litre and the measured samples thus corresponded 
to an area of 350-700 cm.*. In five cases a duplicate 
determination on different parts of the bulk samples 
was made. The bottom layer was assumed to contain 
no fission product y-activity, and its spectrum was 
used for the subtraction of the natural activity con- 
tribution in the spectra of the two upper layers in 
the manner already described’?. As it was found 
that the fission-product activity in the 2-5-5 em. 
layer was much lower than in the top layer, it was not 
considered necessary to measure the 5—7-5 cm. layer. 

The results are summarized in Table 1. When 
recalculating the zirconium + niobium-95 values to 
the sampling date, a half-life of 65 days has been used, 
as the latest probable origin of the activity is the 
tests in the autumn 1958 and thus a transient equili- 
brium between zirconium and niobium-95 can be 
assumed. A determination of a sample from Bergen, 
Norway, taken in November 1959, is also included. 
This sample was kindly provided by Mr. T. Hvinden 
at the Norwegian Defence Research Establishment.) 

The random errors in the measurements are estim- 
ated as 3 per cent for zirconium + niobium-95 and 
7 per cent for ceesium-137 in the top layers. For the 
2-5-5 em. layers, the absolute random errors are of 
the same order of magnitude, thus giving a total 
random error in the determination of the deposition 
on each location of 5 per cent for zirconium + 
niobium-95 and 10 per cent for cesium-137. There 
might further be an error due to incomplete mixing 
of the bulk samples. The differences found between 
duplicate samples indicate that this error is con- 
siderabiy less than 10 per cent. Apart from the 
random errors there is a constant systematic calibra- 
tion error of < 10 per cent. 

As the half-life of ceesium-137 is long, compared with 
the period of fall-out from nuclear explosions, the 
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deposit of this nuclide represents the accumulated 
fall-out since the beginning of nuclear weapon tests. 
The deposit of zirconium + niobium-95 (half-life 
65 days) will mainly originate from recent tests. In 
the present case it could be assumed‘ that almost 
all the zirconium + niobium-95 deposit originated 
from the tests carried out in the autumn of 1958. 
If it is assumed that the fall-out is a function of the 
precipitation, it will thus be of interest to correlate 
the cesium-137 deposit with the total precipitation 


Table 1 





Sampling Date of measurement Cs-137 (me./km.*) 
site 
(1) (2) 


17.9.59 


S bpbedSwnedcea 


we ~30d 


Bergen ‘ 


z 


8,9.9 


(Zr + Nb)-95 (me./km.?) 


Precipitation (mm.) Precipitation (mm.) 
Jan. 1, 1955, to Nov. 1, 1958, to 
sampling date sampling date 
5 (6) 


at June 12, 1959 
4) (5) 


4730 #»| 524 
2,360 263 
2,150 

2,180 

2,200 

2,240 


2,510 


601, 574 
, 54, 54 





oe In columns 3 and 4 the upper value is the activity in the 0-2-5 em. layer, the lower the activity in the 2-5-5 em, layer. The sum is given 


he right. 


rhe samples 1-16 were taken during June 10-12, 1959, the sample from Bergen in November 1959. 
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since the beginning of considerable global fall-out, 
and the zirconium + niobium-95 deposit with the 
precipitation since the autumn, 1958. 

As can be seen in Figs. 2 and 3, a strong linear 
relationship seems to exist between casium-137 
deposit and precipitation (9p = 0-99 with the 95 
per cent confidence limit 0-95 and 1-00), whereas the 
zirconium + niobium-95 values are more scattered 
(ep = 0:74 with the 95 per cent confidence limits 
0-35 and 0-90). In the case of zirconium + niobium- 
95, the value for Bergen has not been included because 
of the later sampling date. 

The larger irregularities in the zirconium + 
niobium-95 values are not unexpected. Large 
variations in the specific activity of precipitation 
have been observed between samples taken simul- 
taneously at different locations’, and such variations 
will be reflected in Fig. 2. Corresponding variations 
in the case of cxsium-137 will be levelled out because 
of the long period of accumulation. Of course it is 


OBIT 


Prof. Max von Laue, For.Mem.R.S. 


Pror. Max von LAvE, former director of the Fritz- 
Haber-Institut of the Max Planck Gesellschaft in 


Berlin Dahlem, died in Berlin on April 24 a few 
months after his eightieth birthday. 

In an autobiographical note, Max von Laue once 
described the early influence upon him of his excellent 
science teacher at the Gymnasium in Strassburg, and 
also his great interest in H. v. Helmholtz’s popular 
These were the determining factors which 


lectures. 


thus be regarded as a reasonable mean value for the 
country. 

Peirson has recently published a corresponding 
study concerning the deposit in the United Kingdom 
on samples taken during the summer, 1959*. In 
Fig. 4, Pierson’s and our values of the cxsium-137 
deposit are plotted against the mean annual precipita- 
tion. No significant differences between the two 
sets of values can be detected. As the latitude of the 
British sampling sites is 50-55° N., while the Swedish 
sites are at 60—63° N., this concordance is of interest. 

For the selection of sampling sites and for carrying 


out the sampling we are indebted to Dr. L 
Fredriksson at the Royal Agricultural College, 
Ultuna. 


' Gustafson, P. F., Science, 127, 1240 (1958). 

* Low, K., and Edvarson, K., Nature, 183, 1104 (1959). 

* Peirson, D. H., and Salmon, L., Nature, 184, 1678 (1959). 

* Edvarson, K., and Léw, K., The Concentration of Some Fission Pro- 
duct Nuclides in the Ground Level Air during the Period Sept 
1957-Dec. 1959, F.O.A. 4 A 4132-4727, 1960 (to be published 


* Lindblom, G. (private communication). 
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made him choose physics and mathematics, and i 
1898 he began to read physics at the University 0! 
Strassburg—probably against the will of his father 
and step-mother, who would have liked him to become 
an officer in the Prussian Army. In 1899 he moved 
to Géttingen, where he came under the spell of David 
Hilbert, whom he regarded as probably the greatest 
genius he ever met in his life. However, it Wé 
Waldemar Voigt who taught him to apply mathe- 
matical methods to physics. v. Laue became 4 
theoretical physicist, and, after a short interlude 1 
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Munich—short, because Boltzmann’s chair was still 
vacant and there was no one to teach theoretical 
physics he went to Berlin. It is likely that during 
these years, 1902-4, the fundamentals were laid for 
the discovery which, ten years later, brought Laue 
world fame and a Nobel Prize in Physics. It was 
indeed one of the greatest discoveries of the century. 
He attended Max Planck’s lectures on theoretical 
optics and Lummer’s on special problems of optics. 
Laue remarked that during these formative years he 
acquired his ‘optical instinct’ which stood him in 
such good stead later. The subject given to him by 
Planck for his dissertation was “Theory of Inter- 
ference on Plane Parallel Plates’’. 

Laue became the devoted pupil of Planck, and 
Berlin his spiritual home. After two more years 
postgraduate work in Géttingen, he returned in 1905 
to Berlin as lecturer and as Planck’s assistant. It 
was Einstein’s annus mirabilis. Laue’s early work on 
relativitvy—with his many contributions to thermo- 
dynamics, the theory of radiation and also his 
phenomenological theory of superconductivity—seem, 
to-day, unjustly eclipsed by his X-ray diffraction 
work. It led to his monograph on the special theory 
of relativity (1910)—the first ever written—and later 
to another on the general theory of relativity. 

In 1909, v. Laue moved to Munich, and it was 
there, in 1912, that he made one of the greatest and 
most far-reaching discoveries of our own age, the 
diffraction of X-rays by crystals. The scientific 
atmosphere in Munich at this time was especially 
favourable for this discovery. W. C. Réntgen was 
still active, and A. Sommerfeld, a firm believer in the 
wave nature of X-rays, had succeeded Boltzmann. 
Sommerfeld’s influence in theoretical physics through 
his own research and by his teaching was probably 
greater than that of anyone else. Also in Munich wes 
Paul von Groth, the mineralogist, continuing the 
tradition of Leonhard Sohncke, who in his time had 
contributed greatly to the theory of crystals. There 
was, too, young P. P. Ewald seeking advice on wave 
optics, Whose work suggested to v. Laue the idea of 
the experiment performed by W. Friedrich and P. 
Knippng. The second experiment, using copper 
sulphate as crystal, showed the result which v. Laue 
predicted. Many research workers before this had 
sent X-rays through crystals, limiting their observa- 
tions to the direct beam, without noticing anything 
of interest. It was left to v. Laue’s genius to expect, 
and find, diffracted rays on the photographic plate. 
The theory of one- and two-dimensional gratings, so 
well known to v. Laue, was easily extended to a 
three-dimensional grating such as he proved to exist 
m the regular arrangement of atoms in crystals. 
Max von Laue’s discovery was made “‘by the sheer 
power of believing more concretely than anyone else 
im the accepted theory of crystals and X-rays. These 
advances were no less bold and hazardous than were 
the innovations of Copernicus, Planck or Einstein” 
(M. Polanyi). 

It is impossible to describe shortly the consequences 
of this dis covery on the development of almost every 
branch of science. This door, opened in 1912, is still 
wide open nearly fifty years later. Only recently the 
results have been described in Nature of fundamental 
work by Kendrew and Perutz which would not have 


a possible but for the historical experiment in 

— Sir Lawrence Bragg, confining himself to 
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tures in a volume dedicated to three octogenarians— 
Lise Meitner, Otto Hahn and Max von Laue. v. 
Laue himself was never interested in developing his 
discovery into a tool for crystal structure analysis ; 
instead, he followed the course of developing the 
optical background of X-ray diffraction, work which 
is recorded in the various editions of his book, 
“‘Roéntgenstrahl Interferenzen”’. 

After a short spell as professor in Zurich and 
Frankfurt, von Laue returned to Berlin as professor 
of theoretical physics and co-director, with his life- 
long friend, A. Einstein, of the Kaiser-Wilhelm- 
Institut fiir Physik. He remained in Berlin all his 
life, becoming, after the Second World War, director 
of the Fritz-Haber-Institut. Well over 200 papers, 
on almost every aspect of theoretical physics, and a 
number of books—among them a short history of 
physics—were the result of his work. However, in 
spite of his lively interest, he never contributed to 
the development of quantum mechanics. He shared, 
with his friends Planck and Einstein, certain reserva- 
tions towards its final consequences. 

Berlin, after the First World War and before 1933, 
had become one of the great centres of learning. 
A regular scientific event was the “Laue Colloquium” 
at the Physics Department in Reichstagsufer, un- 
forgettable to anybody who had the good fortune to 
attend it regularly. Every week, and under the 
chairmanship of v. Laue, there took place a gathering 
of eminent men of science, of those who later became 
eminent, and of everybody else interested in new 
developments of physics. Planck, Nernst, Einstein, 
Schroedinger, Lise Meitner, R. Ladenburg and, later, 
Debye and G. Hertz all attended regularly. Among 
those who came to great eminence later on were F. 
Simon, J. von Neumann, L. Szilard, E. Wigner and 
F. London. It was a very democratic institution, and 
everybody was allowed to ask questions, intelligent 
and, sometimes, silly ones. All this, and the spiritual 
values of this period, came to an abrupt end in 1933. 
The material destruction which followed during the 
War was a direct consequence of the political events 
of 1933. It was during these fateful years that von 
Laue showed the greatness of his personality. He 
became a lonely and very courageous fighter for 
truth and integrity against tyranny and the evils of 
a wicked regime. He was probably the only member 
of the Academy who launched a solemn protest 
against -Einstein’s expulsion from the Prussian 
Academy of Sciences. The era of ‘Aryan physics’ 
began, and it was decreed, mainly by obscure men, but 
unfortunately also by two great physicists, who 
sprang out of oblivion, that Einstein’s and other 
Jewish physicists’ names and work must in future 
be ignored. Again, it was Laue, at a meeting of the 
German Physical Society (Wiirzburg, September 
1933), who replied spontaneously to an address by 
Johannes Stark on the role and task of physics in 
the Third Reich. Laue reminded the audience that, 
almost exactly 300 years before, Galileo was forced, 
under threat of torture by the Inquisition, to renounce 
his doctrine. He passionately appealed to the 
physicists to bear in mind Galileo’s famous words : 
“Tt moves, nevertheless!" The following year his 
obituary of Fritz Haber, published in Die Natur- 
wissenschaften, would have had dangerous conse- 
quences for v. Laue had not the Gestapo been afraid 
of the reaction of the civilized world to the per- 
secution of the man who dared to say: “Just as 
Themistocles has become immortal as the victor of 
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Salamis, and not as the conqueror of the Persian king, 
Fritz Haber has become immortal by his scientific 
work”’. 

During the War, v. Laue became somewhat of a 
recluse. His only son was safe in the United States 
studying history. His house, where he lived with his 
wife and daughter, was visited by a handful of 
friends who thought as he did, by the sons and 
friends of Dutch and Norwegian scientists sent as 
slave workers to Germany, by French prisoners of 
war and many more who needed his help or advice. 
In 1941 he went with half a dozen friends to the 
derelict Jewish cemetery to pay his last respects to 
his old friend, Dr. Arnold Berliner, founder and, for 
twenty-five years, editor of Die Naturwissenschaften. 
Berliner had been forced to resign by the Nazis, and 
had committed suicide rather than be expelled from 
his home and sent to a concentration camp. Carbon 
copies of the obituary Laue wrote were sent to 
several of his friends for safe keeping, and published 
after the War. v. Laue never had the slightest doubt 
that Germany would lose the War. In 1943 he was 
seriously rebuked by the Nazi Minister of Education 
for mentioning Einstein’s name in a lecture. In reply 


to this, he published shortly afterwards a paper, 
“Ein relativistischer Beweis fiir das Wien’sche 
Verschiebungsgesetz’”’. 

When the end of the War came, v. Laue was in 
Hechingen, where the Institute had been evacuated, 
With a team of German atomic scientists, known as 
the ‘Uran-Verein’, v. Laue was sent as a ‘prisoner’ 
to England. Naturally, v. Laue was not ‘trustworthy’ 
enough to have become a member of this team, and 
in any event he would have refused his co-operation. 
Some of the letters he wrote to friends at this time 
about the reaction of his colleagues to Hiroshima, 
and their subsequent discussions on the atom bomb, 
are carefully preserved documents of great historical 
interest. 

Returning to Germany, he put all his efforts into 
rebuilding science. In 1946 he was, with Max Planck, 
the first German to be invited to England. He 
received many honours and was elected a foreign 
member of the Royal Society in 1949. His ashes are 
buried at Géttingen cemetery beside the graves of 
Walther Nernst, Adolf Windaus and Max Planck 
four members of a great period of science in Germany. 

P. Rospaup 







NEWS and VIEWS 


Botany at Adelaide : Prof. R. N. Robertson 

Pror. R. N. Rosertson, who is to succeed the 
late Prof. J. G. Wood as professor of botany in the 
University of Adelaide, graduated from the Univer- 
sity of Sydney in 1934. In 1936, he went to St. 
John’s College, Cambridge, as a Scholar of the Royal 
Commission for the 1851 Exhibition. After graduating 
with a Ph.D. degree in plant physiology, he joined 
the lecturing staff of the University of Sydney in 
1939. In 1946 he joined the Commonwealth Scientific 
and Industrial Research Organization, in which he 
afterwards became a chief research officer and is now 
a member of the executive. With Prof. F. V. Mercer, 
he founded the Plant Physiology Unit, which is run 
jointly by the Department of Botany, University of 
Sydney, and the Organization’s Division of Food 
Preservation and Transport. During 1958-59 Prof. 
Robertson was a visiting professor in the Department 
of Horticultural Science of the University of Cali- 
fornia at Los Angeles. His research has been con- 
cerned with problems of salt accumulation and 
respiration in plant cells and in plant mitochondria. 
In addition, he has carried out work on the develop- 
mental physiology of fruits with special reference to 
respiration. Because of his commitments to the 
Commonwealth Scientific and Industrial Research 
Organization’s Executive, Prof. Robertson will not 
take up his duties in Adelaide until the beginning of 
1962, and in the meantime Dr. H. B. S. Womersley 
has been appointed as acting-head of the Department. 


International Meteorological Organization Prize : 
Prof. J. van Mieghem 
THE Executive Committee of the World Meteor- 
ological Organization has this year awarded the 
annual prize paid for from the funds left to it by the 
International Meteorological Organization to the 
eminent Belgian meteorologist, Prof. J. van Mieghem. 
The prize consists of a gold medal, 1,200 U.S. dollars 
and a diploma. Prof. van Mieghem is chief of the 
service for theoretical and experimental aerology of 


the Royal Meteorological Institute of Belgium. He 
is also professor of meteorology in the Free University 
of Brussels and chairman of the Belgian National 
Centre for Polar Research. In its selection, the 
Committee takes into account both scientific eminence 
and the record of work done in the field of inter- 
national meteorological organization. Under the 
first heading, Prof. van Mieghem is a mathematician 
of the first order, who has published about a hundred 
papers on the dynamics and thermodynamics of the 
atmosphere, with the subject of energy transfurma- 
tions as his major field of research. His contributions 
to the international organization of meteorology are 
also very large. He was president of the Technical 
Commission for Aerology of the World Meteorological 
Organization during 1951-57, and in the Inter. 
national Union of Geodesy and Geophysics he has 
been secretary (1948-54), vice-president (1954-57) 
and president (from 1957) of the International 
Association of Meteorology and Atmospheric Physics. 
Probably his major work in this sphere, however, was 
as chairman of the World Meteorological Organization 
Working Group for the International Geophysical 
Year and representative of the Organization on the 
Special Committee for the International Geophysical 
Year. 


The Swinburne Medal of the Plastics Institute 


Tue first award of the Swinburne Medal of the 
Plastics Institute has been made to Prof. G. Gee, 
professor of chemistry in the University of Man- 
chester, for his outstanding contributions to the 
advancement of polymer chemistry. Prof. Gee will 
deliver his Swinburne Address at the Royal Institu- 
tion on Thursday, February 16, 1961, when he will 
be presented with the Gold Medal and the sum of 
money which accompanies the award. The awar 
was instituted in 1959 to commemorate Sir Jame 
Swinburne, who died at the age of a hundred n the 
previous year; it has been generously endowed by 
Bakelite, Ltd. 
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August 27, 1960 
Mr. S. E. Gamarekian 


Ss. EpwarD GAMAREKIAN has been appointed 
editor of Discovery. He carried out research and 
development work at the General Electric Company's 
Laboratories in Schenectady, New York, for many 
years and lectured at Rutgers University, Rensselaer 
Polytechnic Institute and the Georgian Institute 
of Technology. He later became the scientific corres- 
pondent for The Washington Post and recently came 
to Britain to report on scientific developments for 
The Guardian during a three-month exchange of 
science correspondents between the two newspapers. 
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Editorship of Discovery : 


Recovery of Capsules from Discoverer Satellites 
Tue first success in retrieving an object which had 
returned to Earth after being in orbit in space was 
achieved on August 12, when the re-entry capsule 
from the United States satellite Discoverer 13 was 
recovered from the North Pacific. Discoverer 13 
(1960 8) was launched from Vandenberg Air Force 
Base, California, at 20h. 40m. vu.T. on August 10, 
and entered an orbit inclined at 83° to the equator. 
Its height varied between 260 km. at perigee and 
700 km. at apogee, the orbital period being 94-1 min. 
Seventeen revolutions later, the re-entry capsule was 
detached from the main body of the satellite when it 
was travelling south near the Aleutian Islands, and, 
after its speed had been substantially reduced 
by a retro-rocket, it descended through the atmo- 
In the last few miles of its descent it was 
further retarded by parachute and was finally 
recovered from the sea north of Hawaii. It was 
found to have withstood well the heating encountered 
during its descent. On August 19 there was successful 
recovery of a second capsule, ejected from the satellite 
Discoverer 14 (1960 x), which was launched at 19h. 
58m. u.T. on August 18 into an orbit similar to that 
of its predecessor. On this occasion the capsule, which 
weighed 85 lb., was intercepted during its final 
parachute descent, being caught by an aircraft at an 
altitude of about 10,000 ft. over the north Pacific. 


The Satellite Echo | (1969 s) 

THE first successful balloon-satellite was launched 
from Cape Canaveral in Florida at 09h. 40m. v.T. on 
August 12. The satellite, known as Echo 1, consists 
of an aluminium-coated plastic sphere 100 ft. in 
diameter, which was inflated at high altitude. Its 
orbit is inclined at 47° to the equator, with a period 
of revolution of 118-2 min. initially. The orbit is 
nearly circular, the height being 1,530 km. at perigee 
and 1,690 km. at apogee. The satellite, which is 
designated 1960¢ 1, is accompanied in orbit by its 
final-stage rocket (1960.2), and three other frag- 
ments. The main purpose of the satellite is to act 
as a reflector for radio waves, and many trans- 
missions have been successfully received via the 
satellite. It thus serves as a first step towards a 
world-wide communications system which would be 
independ. nt of ionospheric disturbances. The satel- 
lite is also admirable for optical tracking, and during 
its first week in orbit was easily visible from most of 
the northern hemisphere, as a slow-moving object of 
stellar magnitude zero. The satellite should also 
yield the first information on air density at heights 
above 1,000 km., and evidence of its behaviour under 
the impact of meteorites is awaited with interest. 


sphere. 


Australia’s Second Atomic Reactor 
Austr LIA’S second atomic reactor is to be called 
'y the aboriginal name of Moata. This is the first 
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in the world to bear a tribal name. The name Moata 
is used by the Ngerikudi tribe in Northern Queens- 
land to describe instruments for making heat or 
‘native firesticks’. Moata, an Argonaut type of 
experimental reactor, is now under construction at 
the Advanced Technology Laboratories at Mountain 
View, California, and will be installed at Lucas 
Heights early next year. 


Information Centre for Food Irradiation 

AN international information centre for food 
irradiation has been set up as a result of a contract 
signed between the European Productivity Agency 
of the Organization for European Economic Co- 
operation and the Centre d’Etudes Nucléaires at 
Saclay, France. M. Pierre Lévéque has been appointed 
director of the Centre, which will be set up at Saclay. 
The functions of the Centre include the preparation, 
publication and distribution of a quarterly inter- 
national newsletter on food irradiation in both 
Bnglish and French. The Centre will also serve as a 
point of contact between scientists, food techno- 
logists and the government and industrial circles 
interested, and will encourage closer international co- 
operation in the development and application of 
knowledge in the field of food irradiation. The 
contract, which has been signed for an initial period 
of two years, provides for the payment by the 
sponsoring bodies of a sum of 32,000 new francs to 
cover printing and translation costs and other 
incidental expenses of the Centre. It is hoped that 
the work of the European Information Centre for 
Food Irradiation will encourage investigation and 


research and promote the successful indust rialization 


of the results obtained. 


Bibliographies on Technical and Vocational Educz- 

tion 

A seErtes of bibliographies on technical 
vocational education has been launched by Unesco. 
Besides an international bibliography, surveys have 
been published giving details of publications in the 
United Kingdom and in the U.S.S.R. concerned with 
the technical and vocational aspects of education. 
To these is now added a bibliography of technical 
education publications in the United States (Educa- 
tional Studies and Documents No. 36: Technical and 
Vocational Education in the U.S.A.—a Bibliographi- 
cal Survey prepared by the United States Office of 
Education. Pp. 24. (Paris: Unesco; London: 
H.M. Stationery Office, 1959.) 3s. 6d.) The booklet 
is in five parts and lists separately publications 
dealing with general technical and vocational educa- 
tion, agriculture, distribution, home economics and 
industrial education ; there is an explanatory note 
to cover each publication described, stating briefly 
its contents and purpose. 


Low-priced Books for Overseas 

Srnce this scheme was first started, some 2,000 
titles have been submitted by publishers and others 
to the Advisory Committee on the Selection of Low- 
priced Books for Overseas under the chairmanship 
of Mr. A. L. P. Norrington, president of Trinity 
College, Oxford, and vice-chancellor (designate) of 
the University. The Committee will shortly be sub- 
mitting its list of reeommendations to the Ministers 
concerned. Some measure of priority is being given 
to university text-books, as the importance attached 
to the supply of books of educational, scientific and 
technical value was clearly brought out at the 


and 
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Commonwealth Education Conference held in July 
1959. The Advisory Committee is therefore studying 
a first list of some twenty-five scientific and technical 
text-books for issue in low-priced editions to univer- 
sities and college libraries, instructors and individual 
students. Initially the arrangement will be applied 
to India. It is hoped that the books will be made 
available for distribution in India this winter. 


The Proterozoic in the U.5.S.R. 

Tue rocks belonging to the Upper Pre-Cambrian 
or Proterozoic group in China, named by Grabau as 
belonging to the Sinian system, during the past two 
decades have been proved to be very abundant in 
the Urals and other parts of the U.S.S.R. In the 
absence of characteristic fossils which would allow a 
correlation with the Sinian, the prominent Soviet 
geologist, N. 8S. Shatsky, in 1945 proposed the name 
of Rhipheean system, from Rhiphacan Mountains, an 
old name for the Ural Mountains. Recent work on 
the determination of the absolute age of these forma- 
tions, as presented by B. M. Keller (Priroda, 9, 30; 
1959), gives the following figures: Taratash gneiss 
underlying Rhiphacan scries, 1,100 m.y. ; uppermost 
Rhipheecan deposits—Inzer sandstone, 865 m-.y. ; 
Serdobian suite rocks, 680 m.y.; Larminarites suite, 
540-560 m.y. Thus, the Rhiphaean system may be 
demarcated in age as 1,100-500 m.y. It is divided 
into the Upper Timanian suite and the Lower 
Yakutian suite. The rocks of the Yakutian suite are 
characterized by a peculiar calcareous alga of a 
stromatolite type named Conophyton, while in the 
Timanian suite a branching alga named Collenia is 
found. These two algal types form very thick layers 
of limestone, but no remains of animals have as yet 
been found in these rocks. While V. P. Maslov 
studied these algae, S. N. Naumova has discovered 
spores of land or, more probably, of shore plents, 
which was rather unexpected. In Siberia, especially 
in the region of the Lake Baikal, the Upper Rhiphaean 
strata are folded and intruded by granite, and so 
N. 8S. Shatsky applied the name Baikalian to the 
orogenetic and magmatic epoch of this age. Within 
the area of the present Russian platform the Baikalian 
tectonic movements led to the production of three 
Baltic, Sarmatian and Tarterian— 
and two major geosynclines—Scandinavian and 
Uralian. The geosynclinal Rhipheean sediments 
wore deposited in well-marked sedimentary eycles, 
beginning with coarse conglomerates and breccia and 
finishing with fine-grained sediments. 


major shields 


Excavations at Dzibilchaltun in Yucatan 


AN account of excavations carried out during three 
seasons by the National Geographic Society and 
Tulane University at Dzibilchaltun in north-western 
Yucatan, Mexico, has now been published (Proc. 
Amer. Phil. Soc., 104, No. 3; June 15, 1960). Little 
has been known about the early phases of culture in 
this part of the world, and the exploration of some 
large buildings and temples and the determination of 
a definite stratigraphy are of great interest. To the 
prehistorian the date of the constructions (round 
about A.p. 500) might seem somewhat modern, but 
much hitherto unknown information of the earlier 
cultures in those little explored areas is here unfolded. 


Nature Conservancy Awards for 1960 


Tae Nature Conservancy announces the following 
awards of research studentships for postgraduate 
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training in ecology, tenable for periods up to three 
years at the universities shown : Botany: Miss M. (, 
Anderson (Cambridge), P. E. Gibbs (Liverpool), Miss 
M. M. McGrath (University College of North Wales, 
Bangor), J. G. Pusey (Oxford); Zoology: R. A, 
Avery (Bristol), D. E. Baird (Oxford), P. P. G. 
Bateson (Cambridge), Miss V. Healey (Manchester), 
D. J. Hobden (Southampton), W. W. Murdock 
(Oxford), Miss M. A. Murphy (Manchester), D. ¢. 
Seel (Oxford), J. B. Whittaker (Durham); Geo. 
graphy: Miss J. Wain (London); Diploma Cours, 
in Conservation and Ecology at University College, 
London: G. P. Allen, J. M. Davidson, K. East. 
A. J. Kerr, Miss J. J. Rowe, D. A. White. 


The Beilby Medal and Prize, 1961 


SincE 1930, at intervals of one or more years, 
awards have been made by the administrators of the 
Sir George Beilby Memorial Fund, representing the 
Royal Institute of Chemistry, the Society of Chemical 
Industry and the Institute of Metals. In 1958 two 
awards, each of 150 guineas, were made. It was then 
agreed that no further award would be made before 
1960. The administrators have now decided that 
henceforth each award shall consist of a gold medal 
as well as a substantial sum of money, and shall 
be known as “The Beilby Medal and Prize” and 
specified as being “For Advancement in Science and 
Practice”. Such an award will be offered at intervals 
of two years, but more than one may be made on 
the same occasion if there are several candidates of 
sufficiently outstanding merit. Consideration will be 
given in due course to the making of an award (or 
awards) from the Fund in 1961, for outstanding work 
on the development and application of scientific 
principles in any field related to the special interests 
of Sir George Beilby, namely, in chemical engineering, 
fuel technology or metallurgy. Applications must be 
submitted not later than December 31, 1960, by 
letter addressed to the Convenor of the Adminis- 
trators, Sir George Beilby Memorial Fund, Royal 
Institute of Chemistry, 30 Russell Square, London, 
W.C.1. 


The Scientific Instrument Manufacturers’ Associa- 

tion 

THE following have been elected officers end council 
of the Scientific Instrument Manufacturers’ Associa- 
tion of Greet Britain for the year 1960-61 : President, 
Mr. G. C. Ottway (W. Ottway and Co., Lid); 
Vice-Presidents, Mr. A. W. Jones (Fleming Radio 
(Developments), Ltd.), and Mr. L. A. Woodhead 
(Conor Instruments, Ltd., and retiring presiden). 
Honorary Treasurer, Mr. A. W. A. Rundle (A. Gallen- 
kemp end Co., Ltd.) ; Honorary Secretary, Mr. E. RB. 
Ponsford (Solartron Electronic Group, Ltd.) ; Council 
Members, Mr. S. T. Pickering (Chance Pilkington 
Optical Works), Mr. G. M. Sisson (Sir Howard 
Grubb Parsons and Co., Ltd.), Mr. G. S. Sturrock 
(Kelvin and Hughes, Ltd.) and Mr. R. Foxwell 
(The Wayne Kerr Laboratories, Ltd.). 


University News: Churchill College, Cambridge 


Mr. C. St. J. Witson, of Corpus Christi College, 
has been elected to a fellowship as from October ! 
The following elections to junior research fellowships 
from October 1 are announced: R. A. Y. Jones, of 
Clare College; A. O. Gilchrist, of Trinity Hall 
(Sydney Harvey Fellowship); C. B. Cottrell, Uni- 
versity of the Witwatersrand and Queens’ College 
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(Gulbenkian Fellowship); A. Howie, University of 


Edinburgh and Trinity College. 

The following have been elected to Overseas 
Fellowships: Prof. E. E. Saltpeter, of Cornell 
University (from April 1, 1961); Dr. J. D. Watson, 
of Harvard University (from October 1, 1961). 


Leicester 


Tue following appointments have been made: Dr. 
Ss. G. M. Lee (Bedford College, London), to the new 
chair of psychology ; Dr. M. C. R. Symons (South- 
ampton), to the new chair of physical chemistry ; 
Dr. H. L. Kornberg (Oxford), to the new chair of 
biochemistry. 

Senior lecturers have been appointed as follows : 
W. B. Birmingham (economics); Dr. J. E. Brown 
Dr. O. P. D. Cutteridge and Dr. 
R. W. Maxwell (engineering). Lecturers appointed 
include P. S. Cohen (sociology), D. J. Cockrell 
(engineering), and Dr. W. Sluckin (psychology). 


engineering) ; 


London 


Dr. RicHARD CREESE, senior lecturer in physiology 
at the London Hospital Medical College, has been 
appointed to the readership in physiology tenable at 
St. Mary’s Hospital Medical School. 

Dr. L. M. Jackman, lecturer in organic chemistry 
in the Imperial College of Science and Technology, 
has been appointed to the University readership in 
organic chemistry tenable at that College. 


Nottingham 


Pror. A. G. Smrru, professor of aircraft propulsion 
at the College of Aeronautics, Cranfield (see Nature, 
181, 528; 1958), has been elected the first holder 
of the Hives chair of thermodynamics, endowed by 
Rolls-Royce, Ltd., in the University of Nottingham. 
Prof. Smith will be the head of the Department of 
Mechanical Engineering in succession to Prof. J. A. 
Pope. 

Southampton 


WEsTLAND ArrcorAFrt Ltp. has made a contribu- 
tion of £17,500 to the centenary appeal issued by the 
University to provide, over a seven-year period, for a 
readership in helicopter engineering. The University 
has also gratefully accepted the offer by Union 
Carbide Ltd. of £2,150 per annum, for three years in 
the first place, to provide for a research fellowship and 
a research studentship in the Department of 
Chemistry. 


Announcements 

THE Minister for Science, Lord Hailsham, has re- 
appointed the following part-time members of the 
United Kingdom Atomic Energy Authority: Lord 
Citrine, from January 1, 1961, when his present term 
of office expires, to December 31, 1961; Sir James 
Chadwick, from August 21, 1960, to August 20, 
1962; Mr. C. F. Kearton, from October 17, 1960, to 
October 16, 1965. 


Mr. James C. BrapLEY has been appointed as 
assistant secretary (management) of the Smithsonian 
Institution. Mr. Bradley succeeds Dr. John L. 


Keddy, who retired recently. Since January 1959, 
Mr. Bradley has served as assistant to the secretary, 
Dr. Leonard Carmichael, in the administration of the 
Institution’s scientific, technological and cultural 
programme. 
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Dr. Marcet AutTRET, known for his work in the 
field of kwashiorkor and other protein-deficiency 
diseases, has been appointed director of the Nutrition 
Division of the Food and Agriculture Organization, 
in succession to Dr. W. R. Aykroyd. Dr. Autret 
joined the Organization in 1949, after a career in the 
French Colonial Service ; he first became interested 
in nutrition while stationed in French Indo-China as 
head of the Chemistry Department of the Pasteur 
Institute in Saigon. 


Miss JENNIFER Remrry (Bedford College) has 
been appointed Junior Universities Federation for 
Animal Welfare (UFAW) Research Fellow to assist 
Dr. Phyllis G. Croft, UFAW Research Fellow, 
at the Royal Veterinary College, in research relating 
to anzsthetics and relaxants. 


THE next award of the Meldola Medal, the gift of 
the Society of Maccabaeans, will be made early in 
1961 to the chemist who, being a British subject and 
less than thirty years of age on December 31, 1960, 
shows the most promise as indicated by his or her 
published chemical work. Further information can 
be obtained from the President, Royal Institute of 
Chemistry, 30 Russell Square, London, W.C.1, the 
envelope being marked ‘Meldola Medal’. 


For the sole use and convenience of its members 
the Physical Society of Japan has from time to time 
issued in a single volume a series of selected papers 
reprinted, with permission of the various publishers, 
from different American and European journals and 
dealing with a specific field of research. The latest in 
the series contains sixteen papers on the theory of 
atomic nuclei and includes articles, by N. Bohr, 
J. Frenkel, W. Heisenberg, L. Landau, E. Teller, 
V. F. Weisskopf and J. Wheeler. The period covered 
is 1932-40. 


A couRSsE of lectures on “Problems of Radio- 
activity at Water and Sewage Works’”’ will be held 
in the Manchester College of Science and Technology 
during September 29 and 30. Applications to attend 
must be sent to the Registrar of the College not later 
than September 19. 

THE Second Accelerator Conference is _ being 
organized by the High Voltage Engineering Corpora- 
tion and its Dutch subsidiary and will be held in 
Amsterdam during October 4-6. It is hoped to cover 
most aspects of low-energy accelerator techniques in 
physics and in industry. Further information can be 
obtained from High Voltage Engineering (Europa) 
N.V., Post Box 99, Amsterdamseweg 57, Amersfoort, 
The Netherlands. 


A symposium of five papers on “Drugs for the 
Treatment of Hypertension”, arranged by the Royal 
Institute of Chemistry (Manchester and District 
Section) and the Society of Chemical Industry (Man- 
chester Section and Fine Chemicals Group), will be 
held in the Tenants Hall, I.C.I. (Pharmaceuticals 
Division), Alderley Park, near Macclesfield, Cheshire, 
on September 30. After the symposium there will be 
a tour of the Research Department of I.C.I. (Pharma- 
ceuticals Division). Further information can be 
obtained from Dr. G. A. Gamlen, Research Depart- 
ment, I.C.I. Ltd., Dyestuffs Division, Hexagon 
House, Blackley, Manchester 9. 


Erratum. Dr. T. E. Cleghorn points out that a 
printing mistake occurred in the title of his com- 
munication in Nature, 184, 1324 (1959); this should 
read “A ‘New’ Human Blood Group Antigen, Sw2”. 
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SPACE RESEARCH IN BRITAIN: GRANTS 


‘NIXTEEN grants to British universities for space 
research projects, totalling £184,540, have been 
made on the recommendation of the British National 
Committee on Space Research, set up by the Royal 
Society under the chairmanship of Sir Harrie 
Massey. The grants, which cover a variety of periods, 
are for salaries of staff, travel and subsistence, and 
development or purchase of special equipment.: These 
grants have been approved by the Steering Group 
for Space Research, set up by the Minister for Science 
under the chairmanship of Sir Edward Bullard, 
and the financial responsibility for them is with the 
Department of Scientific and Industrial Research : 

University College of Wales, Aberystwyth, £16,530 
over 3 years, to Prof. W. J. G. Beynon for measure- 
ment of electron density/height profiles with rockets 
using the Doppler method and the pulse method. 

Queen’s University, Belfast, £15,005 over 2 years, 
to Prof. D. R. Bates for upper atmospheric rocket 
research, including artificial air-glow, altitudes of 
night-glow layers, and a study of micrometeorites. 

University of Birmingham, £26,000 over 3 years, 
to Prof. J. Sayers for electron and ion-population 
studies of the upper atmosphere and interplanetary 
space. 

University of Cambridge, £1,694 over 2 years, to 
Dr. K. G. Budden for research into the theory of 
propagation of radiations from artificial satellites ; 
£2,678 over 2 years, to Prof. M. Ryle for the recording 
and the interpretation of Doppler and Faraday effects 


in the radiations from artificial satellites; and 
£11,230 over 26 months, to Dr. F. G. Smith for 


the measurement of cosmic radio noise by receivers 
mounted on rockets and satellites. 


THE BANGOR RESEARCH 


University of Leicester, £13,006 over 39 months 
to Prof. E. A. Stewardson for investigations of solar 
and stellar soft X-ray emissions. 

Imperial College of Science and Technology, London, 
to Dr. H. E. Elliot, £7,275 over 2 years for satellite 
measurements of the primary cosmic-ray energy 
spectron, and £1,500 over 2 years for an investigation 
into cosmic-ray intensity variations at rocket alti- 
tudes; also £7,935 over 3 years to Dr. S. H. Hall 
for gecmagnetic field measurements in the Earth's 
upper atmosphere. 

University College, London, to Dr. R. L. F. Boyd, 
£8,880 over 3 years for the development and use of 
photoelectric satellite tracking equipment, and 
£35,450 over 3 years for rocket research in the upper 
atmosphere of : (1) atmospheric temperature, density 
and winds ; (2) ionospheric temperature, density and 
composition ; (3) short-wave-length solar radiation : 
and (4) stellar ultra-violet light. 

University of Manchester, to Dr. R. C. Jennison, 
£15,277 over 40 months for micrometeorite investi- 
gations from an Earth satellite (to be carried out at 
the Nuffield Radio Astronomy Laboratories, Jodrell 
Bank), and £15,020 over 44 months for low-frequency 
radio astronomy from an Earth satellite (to be carried 
out at the Nuffield Radio Astronomy Laboratories, 
Jodrell Bank); also £2,500 over 1 year, to Prof. 
A. C. B. Lovell for the tracking of satellites and space 
probes (to be carried out at the Nuffield Radio 
Astronomy Laboratories, Jodrell Bank). 

University of Oxford, £4,560 over 18 months, to 
Dr. J. T. Houghton for the development of photo- 
conductive material for satellite measurements of 
infra-red radiation. 


STATION OF THE NATURE 


CONSERVANCY 


“HE new Welsh headquarters of the Nature Con- 
servency was formally opened on July 20 by 
Prof. W. H. Pearsall, chairman of the Scientific 
Policy Committee of the Nature Conservancy. The 
building, of rough-cast stone and slete-roofed in the 
local Welsh style, is primarily designed as a labor- 
atory, and its chief function is to act as the Con- 
servancy’s research stotion in Wales. It will, however, 
also house regional officers mainly concerned with the 
management of nature reserves and with the carto- 
graphie and advisory work of the region. The whole 
will be under the supervision of Dr. R. Elfyn Hughes, 
who has been appointed director (Wales), so that the 
Welsh orgenization of the Nature Conservancy now 
resembles that in force in Scotland. 
As at present organized, the laboratories 
equipped mainly for research in plant ecology. The 
equipment is designed mainly for plant 


are 


special 


analysis and for detailed soil studies, especially the 
estimation of mineral elements and the properties 


of clay minerals. A notable feature is the pro- 
vision of an X-ray fluorescence spectrograph, @ 
new type of apparatus which it is expected will 
speed up and greatly extend the range of mineral 
analysis. 

The facilities available are suitable for studying 
the general problems present in all nature reserves, 
the relation of vegetation to soil and the trends of 
change affecting these relationships. There are, how- 
ever, special problems in Wales which are of funda- 
mental importance and of the widest interest 
highland Britain as a whole. The great range of rainfall 
easily accessible in Snowdonia as well as the diversity 
of rock type make it a most favourable centre for 
research on the effects of these factors, singly o 
interacting, upon the development of soils and 
vegetation. In Snowdonia the interest in this field 
lies especially in the grasslands and their anime! life, 
and notably in the pattern of grazing by sheep. The 
evidence already obtained by Dr. Hughes stresses the 
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great importance of the minerals derived from the 
soil in the interchanges and inter-relations between 
soil, plant and animal. It also raises the interesting 
possibility that high rainfall in the west of Britain 
may have an ameliorative effect as well as that to be 
expected from soil leaching. 

In order to study these complex relations, it has 
been necessary also to envisage technical advances in 
the development of statistical methods for the 
analysis of the vegetation mosaics and their cor- 
relation with the complex soil characters, and the 
diversity of rainfall. 

No part of Great Britain has, however, remained 
unaffected by the impoverishment of flora, fauna and 
soil induced by human activities in the past. Changes 
in land-use, even, for example, in the time of mowing 
a meadow, may have profound effects on the flora 
and invertebrate fauna. Thus, the increasing his- 
torical and archeological evidence accumulating in 
North Wales about early human settlement also 
offers considerable scope for developing knowledge 
of the influence of former land-use on existing 
vegetation end wild-life. This is a fisld of reseerch 


which is scarcely possible elsewhere in highland 
Britain because of the scarcity of information about 
the past. 

The basic researches which are thus developing 
owe much to the pioneer work on soils of the late 
Prof. G. W. Robinson, as well as to the more recent 
inspiration of Prof. Alun Roberts. They have also 
profited much from the existence in the University 
College of North Wales of strong Departments of 
Agriculture, Botany, Forestry and Zoology, the 
continued co-operation of which augurs well for the 
future. 

While, in the present stage of investigation, much 
of the work centres around the general problems of 
upland and moorland vegetation and soils, there are 
other centres of developing research in the nature 
reserves, notably the special mountain floras and 
faunas, the dune vegetation and invertebrates at 
Newborough, and the problems presented by the 
woodland reserves now becoming available. These 
are likely to offer much scope for development into 
other fields of investigation as the primary researches 
mature. 


THE DAVID NORTH PLANT RESEARCH CENTRE 


TT“HE Colonial Sugar Refining Co. is to build a 
| plant research centre in Brisbane to conduct 
basie research on the sugar cane plant. The labor- 
atory, costing £300,000, is to be completed by June 
1961. 

The Company has been well aware that, over the 
past twenty years, there has been a very considerable 
increase (more than 50 per cent) in the yield of agri- 
cultural productivity per acre. For example, in the 
United States, that of corn has risen about 80 per 
cent, milk by 40 per cent and beet sugar by 50 per 
cent. In contrast to this, the increase in yield per 
acre of cane sugar in Australia, and probably else- 
where, has risen only by 25 per cent. This suggests 
ample room for improving the yields of sugar. How- 
ever, the scope for increasing the yields of sugar by 
conventional methods may be somewhat restricted 
as many of the clones which make up the present-day 
breeding material are the result of perhaps thousands 
of years of selection for sweetness and low fibre 
during cultivation by primitive communities and, 
secondly, the more obvious improvements, mainly 
associated with disease resistance, have been effected. 
Future important advances are only likely to be 
achieved through a background of thorough under- 
standing of sugar cane physiology and genetics. 

The laboratory will be known as the “David North 
Plant Research Centre”, after Mr. David Shepherd 
North, who, as early as 1904, wes investigating plent 
diseases in sugar cane. Later, he became interested 
in seed germination and breeding of cane. His 
pioneering work on both diseases and breeding in 
Australia did much to ensure the success and the 
stability of the industry. 

In 1958, plans for the new laboratory were initiated 
in collaboration with Dr. H. R. Highkin, Dr. D. 
Koller 2nd Mr. P. Keyes, of the Earhart Plant 
Research Laboratories at the California Institute of 
Technology. The basic plan of the new laboratory is 
Very similar to that of the Earhart Laboratory, which 


was constructed in 1947-48, under the direction 
of Prof. F. W. Went. Five air-conditioned green- 
houses, each of 240 sq. ft., are to be held at tem- 
peratures of the range 10-40° C. These are connected 
by an atrium to a group of eight constant-temperature 
rooms occupying 1,500 sq. ft. The rooms encompess 
a range of temperatures from 40° C. to frost con- 
ditions at —10° C. 

The constant-temperature rooms are each sub- 
divided into four compartments which are artificially 
illuminated and provide opportunity to study the 
interaction of temperature, light intensity and light 
quality in growth and flowering. Means will also be 
available to control root temperatures independently 
of other environmental conditions. Because cane 
plants grow to considerable height, 20-ft. head-room 
has been allowed in all of the growing areas. 

The remainder of the building is broken into two 
sections. The entrance to the whole structure is 
secured through air locks ; change rooms are provided, 
and visitors and staff alike are required to wear 
sterile clothing. The main laboratory area, 1,800 sq. 
%., provides facilities for biochemical investigations 
with perticular emphasis on tracer techniques. 

Studies on the physiology and biochemistry of 
sugar cane were commenced in 1955 as a joint venture 
between the Botany Depertment of the University 
of Sydney, the Plant Physiology Unit, Division of 
Plant Industry, Commonwealth Scientific and Indus- 
trial Research Organization and the Colonial Sugar 
Refining Co. The initial work covered studies on the 
respiration of sugar cane stalks and the germination 
of sugar cane sets. At the seme time, basic studies 
were undertaken on tho mechanism of auxin action 
in plants. This work showed that the adsorption of 
pectin methylesterasc to the tissues of cell walls 
could be altered by the addition of auxin and syn- 
thetic auxins. Experiments with tissue slices demon- 
strated that pectin methylesterase could be extracted 
with dilute salt solutions and that the enzyme. was 
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partitioned between the tissue and the extracting 
solution. The equilibrium concentration of pectin 
methylesterase in solution was altered by the 
addition of auxin. Presumably the growth of the 
plant requires that pectin methylesterase be attached 
to the wall tissue, and the major action of the auxin 
is that it should be able to reach the appropriate 
tissue and cause adsorption of pectin methylesterase 
and perhaps other enzymes. 

The group also investigated the movement of 
sugars into the storage tissues of cane. The uptake 
was shown to consist of two processes. The first 
process was that of diffusion into the outer space of 
the tissue volume, and was governed by the con- 
centration gradient, equilibrium being attained in 
about half an hour. The second process continued at 
& constant rate for about 60 hr. and sugar moved 
against a considerable concentration gradient. The 
movement was prevented by anaerobic conditions 
and a number of metabolic inhibitors. This active 
uptake of sugar into the inner space is analogous to 
the accumulation of salts by other plant tissues. It 
was shown that only sucrose—and not reducing 
sugars—could be taken into the inner space, but that 
loss from this space was mainly glucose or fructose 
formed by hydrolysis, particularly in immature 
tissue, The turnover time for the sucrose pool for 
young tissue was about 9 hr. 

To make use of these observations and other 
fundamental data, detailed studies are required of 
the effects of the environment on growth and the 
translocation and accumulation of sugars. Com- 
parative studies will be made on different species and 
varieties within species of the genus Saccharum. The 
central interest will be the ability to store carbo- 
hydrate as sucrose. 
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The genetic make-up of commercial varieties of 
sugar cane is derived from S. officinarum, but virtually 
all varieties now cultivated carry genes from other 
species, usually with very low sugar content. Hybrid. 
ization was carried out to increase vigour, resistance 
to disease, and to widen the range of climatic con. 
ditions in which cane can be cultivated successfully. 
It is anticipated that the comparative studies on 
sugar accumulation will provide knowledge of the 
mechanisms by which canes do or do not store 
sucrose, and this information can be used as a basis 
for studies on the physiological and _ biochemical] 
genetics of sugar production. 

The work at the David North Plant Research 
Centre will also include a comprehensive investigation 
on flowering in the genus Saccharum and several 
related genera and on problems associated with 
sterility and with the germination of its seeds. 
Complementing this programme, more general studies 
will be undertaken in the field of phytohormonal and 
chemical control of plant growth. 

The research staff will consist of five graduates 
and assistants. Space will be made available for two 
or three guest research workers from other institu- 
tions to work with the Colonial Sugar Refining Co.'s 
group. 

Other laboratories situated in Brisbane which carry 
out research on plants are located in several depart- 
ments of the University of Queensland, at the 
Cunningham Laboratory of the Commonwealth 
Scientific and Industrial Research Organization and 
the laboratories of the Queensland Sugar Bureau. 
This concentration of research groups should estab- 
lish Brisbane as a leading centre for research on 
tropical plants in the southern hemisphere. 

K. T. Griasziou 


SOME ASPECTS OF AUTOXIDATION 


N informal symposium on the “Physico-chemical, 

Biological and Applied Aspects of Autoxidation”’ 
was held during April 4-5 in the Department of 
Inorganic and Physical Chemistry of the University 
of Liverpool. The meeting was orgenized by Dr. N. 
Uri (Ministry of Agriculture, Fisheries end Food 
Research Establishment, Aberdeen) on behalf of the 
Colloid and Biophysics Committee of the Faraday 
Society, and its host, Prof. C. E. H. Bawn, was its 
chairman. 

On the afternoon of the first day four papers, 
dealing mainly with physico-chemical aspects, were 
presented to the meeting. Prof. J. C. Robb (Univer- 
sity of Birmingham) spoke ebout a new method in 
work on cutoxidation of hydrocarbons in the liquid 
phase. He expleined the considerable experimental 
difficulties that are encountered when the rates of 
diffusion of oxygen from the gaseous into the liquid 
phase must be taken into account. A method has 
been developed in which the oxygen elready dissolved 
is used up during kinetic measurements without the 
necessity for replenishment. The rete of reaction is 
followed by the measurement of rise in temperature by 
means of a thermocouple and a sensitive amplifier. A 
rise of 10-* deg. C./see. can be determined with a time 
response of about 10-* sec. The sensitivity of the 


method enables one to study non-stationary build-up 


of radical concentration and to obtain quantitative 
information on rate constants of propagation and 
termination as well as reactivity of free radicals 
towards retarders. Autoxidation of cyclohexene and 
methyl cyclohexene have been studied at tem- 
peratures of 40—S0° C. 

The second paper, which dealt with the initiation 
phase in the aerobic oxidation of linoleic acid and its 
esters, was presented by Dr. N. Uri. Evidence was 
presented suggesting thet metal catalysts are im- 
portant even in the apparently uncatalysed autoxida- 
tion. A survey of the effects of heavy-metal stearates 
and porphyrins indicated that there must be 4 
complex system of initiation involving oxygen metal 
complex formation and subsequent formazion of free 
radicals. A reaction scheme wes proposed which 
involved reactions of the metal compound with 
oxygen, hydroperoxide end substrate and included 
sn inhibitory reaction between metal and free 
radicals; the latter feature explained an anomalous 
curve obtained when the rate of reaction was plotted 
against metal catalyst concentration. Some exper 
ments relating to the effects of environment and 
chelating on the catalytic activity of the initiaton 
were described. A brief survey of the effects 0 
various novel free radical acceptors and their 
theoretical interpretation concluded the peper- If 
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the discussion Dr. Ford (British Petroleum, Sunbury) 
directed attention to the fact that anomalous initia- 
tion curves were observed by him when hem pigments 
were used as autoxidation catalysts. 

Prof. C. E. H. Bawn introduced his paper on the 
metal-catalysed oxidation of alkyl aromatics by 
emphasizing the practical significance of this work in 
the synthesis of new products and in the deleterious 
effect causing break-up and degradation of oils and 
plastics. The oxidation of isopropylbenzene to phenol 
and of p-xylene to terephthalic acid are important 
examples. Recent discoveries have shown that the 
first stage of the oxidation of p-xylene, that is to say, 
to p-toluic acid, proceeds satisfactorily with the con- 
ventional cobalt and manganese catalysts, but the 
second stage requires the presence of bromide. 
Detailed kinetic results were presented, and a satis- 
factory mechanism involving initiation by the bromine 
atom in conjunction with the cobaltous—cobaltic cycle 
was proposed. Inhibition of the second oxidation 
reaction in the absence of added bromine was shown 
to be associated with the formation of phenolic 
inhibitors which are destroyed by bromine. In the 
discussion, Dr. Uri pointed out that metal-catalysed 
initiation in the oxidation of poly-unsaturated fatty 
acids is more closely related to that generally pro- 
posed by Prof. Bawn for aldehydes rather than that 
proposed for hydrocarbons. In reply to Prof. H. 8. 
Oleott (University of California, Berkeley), Prof. 
Bawn explained that iodide could not replace 
bromide. Dr. C. H. Lea directed attention to various 
salt effects in the oxidative rancidity of fats which 
are not yet fully explained. 

The fourth paper, by Dr. L. Bateman (British Rubber 
Producers’ Research Association, Welwyn), dealt with 
the oxidation and antioxidant activity of organic 
sulphur compounds related to rubber vulcanizates. 
He emphasized that the response of these complex 
organic sulphides to atmospheric oxidation was not 
yet fully understood although it was apparent that 
it differed considerably from that of the parent 
hydrocarbon polymer. There are some distinctive 
features: the reaction is catalysed photolytically, by 
free-radical generators such as azoisobutyronitrile, 
but not by peroxides ; «-hydroperoxysulphide initially 
formed is converted rapidly into sulphoxide and 
a-hydrosulphide and the reaction is subject to auto- 
retardation. It was shown that sulphoxides formed 
from monosulphides and thiosulphinates formed from 
disulphides were efficient inhibitors of olefin oxida- 
tion. The effects of substituents on the efficiency of 
these inhibitors were discussed in detail, and stress 
was laid on the practical significance of these results 
in the interpretation of the oxidation characteristics 
associated with different vulcanizates. 

On the second day of the meeting, Dr. J. Friend 
(Low Temperature Research Station, Cambridge) 
spoke about some aspects of the biologically catalysed 
“erobic oxidation of carotenoids. The nature of the 
enzyme systems responsible for the carotenoid 
destruction in plant tissue was discussed. These 
include lipoxidase and lipoperoxidase (recently studied 
by Dr. Blain) in seedlings and different enzyme 
‘ystems in chloroplasts and mitochondria prepared 
from sugar beet leaves ; the latter do not require the 
presence of linoleic acid or diene hydroperoxide. A 
comparison of the degradation products by enzymic 
oxidation and non-enzymic oxidation catalysed by 
— and ferrous phthalocyanine revealed close 
similarity. 





NATURE 747 


In a paper on the aerobic oxidation of plant phenols 
and its biological implications, Dr. D. E. Hathway 
(British Leather Manufacturers Research Association, 
Egham), exemplified the synthesis of larger molecules 
from simple phenols by dimerization of semiquinones 
and polymerization through quinones. Thus, autoxi- 
dation of alkyl gallates in alkaline medium leads to 
ellagate, whereas quinone polymerization occurs 
during the autoxidation of (+)-catechin. A similar 
polymer was isolated from Acacia catechu heartwood, 
and it was suggested that it arises as a result of 
aerobic oxidation in the heartwood tissue. Some 
further examples of natural phenolic polymers were 
presented. It was pointed out that aerobic oxidation 
of catechins and other flavan-3-ols appears to account 
for the origin of some of the condensed tannins, 
particularly in tan barks. Brief mention was made 
of the anti-fungal and anti-viral protective properties 
of tannin, which, especially in stembark, may have 
contributed to the successful evolution of existing 
forest trees. 

Prof. H. 8. Olcott (University of California, Berke- 
ley) spoke about the effects of tocopherols in autoxi- 
dizing systems. He also directed attention to the 
vitamin E activity of selenium compounds and 
wondered whether their antioxidant activity is 
based on the formation of oxides similar to those 
described by Dr. Bateman in the case of sulphur com- 
pounds. The antagonizing effect of free fatty acids 
on the activity of phenolic antioxidants was con- 
trasted with the synergistic effect of simple amines. 
With bases such as tri-iso-octylamine, more effective 
synergism was demonstrable with phenolic anti- 
oxidants that possess a hydrogen atom adjacent to 
the phenolic group (y-iocopherol, butylated hydroxy 
anisole) than with those in which these positions 
are substituted («-tocopherol, butylated hydroxy 
toluene). Relatively large amounts of aliphatic 
amines (in the order of 1-2 per cent) act themselves 
as antioxidants in lard and exhibit an anomalous 
dependence on temperature in their efficiency. In 
the discussion of this paper Dr. Barnard (British 
Rubber Producers’ Research Association, Welwyn) 
confirmed that selenium compounds were found to be 
more efficient antioxidants than the corresponding 
sulphur compounds. Dr. E. M. Learmonth (British 
Soya Products, Puckeridge) directed attention to the 
instability of purified soybean oil and the synergistic 
effects of phospholipids. Dr. Uri said that some of 
the anomalous concentration effects could be ex- 
plained by the disappearance of the antioxidant by 
the ‘forbidden route’ of a chein reaction, and some 
of the anomalous temperature effects could conceiv- 
ably be due to chelating of amines with traces of 
metal porphyrins. Dr. Bateman proposed that 
certain synergistic effects should be ascribed to a 
high reactivity of one antioxidant towards RO,- 
radicals and a high reactivity of the other towards 
R- radicals. 

Presenting his paper on autoxidation in relation to 
food, Dr. C. H. Lea distinguished between the major 
autoxidizible constituent, that is, unsaturated fatty 
acids, and a wide variety of minor but almost equally 
important substances ; their oxidation is frequently 
coupled with that of the fats. Dr. Lea went on to 
survey the main primary and secondary products as 
well as their effects on flavour, nutritive value and 
possible toxicity. Finally, a number of factors which 
influence autoxidative reactions were discussed, in- 
cluding both pro-oxidant and anti-oxidant effects in 
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general, the action of hem protein catalysts and 
lipoxidase, and finally the variable effects of ascorbic 
acid which, depending on the environment, ects 
either as pro-oxidant or as anti-oxidant. 

The last paper of the meeting was that of Dr. 
L. A. O'Neill (Paint Research Station, Teddington) 
on problems of autoxidation in the paint industry. 
He pointed out that paints which depend on the 
autoxidation of a drying oil or a polymeric derivative 
thereof, such as an oil-modified alkyd resin, are still 
the most widely used class. The oxidation involves the 
formation of —-C—C— polymers via conjugated per- 
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oxides. Emphasis was placed on the interesting 
distinction between the catalytic action of cobalt 
compounds with oxidation spreading from the surface 
into the body of the medium and that of lead com. 
pounds with uniform oxidation of the bulk of the oil, 
Oximes are used as temporary antioxidants for 
storage in containers and afterwards lost from the 
surface film. Mercaptans prevent the oxidation from 
proceeding towards degradation. The nature of 
‘yellowing’ on prolonged ageing, which is accelerated 
by ammonia and other bases in the atmosphere, is 
not yet fully understood. N. Uri 


AVERAGE WATER VAPOUR CONTENT OF THE AIR 


N a recent memoir issued by the Meteorological 

Office, J. K. Bannon and L. P. Steele outline the 
first use of humidity observations made with radio- 
sondes to describe, on a nearly world scale, the 
variation with height of the mean water vapour 
content of the atmosphere (Air Ministry: Meteor- 
ological Office. Geophysical Memoirs No. 102: 
Average Water-Vapour Content of the Air. Pp. 
ii+ 38. (M.O. 6316). London: H.M. Stationery 
Office, 1960. 8s. 6d. net). Previous work of this 
nature was necessarily carried out by extrapolating 
from surface values with empirical formule, deduced 
from mountain observations, for the rate of decrease 
with height. 

The data, which are for the period 1951 
1955, are presented in the form of charts for 
January, April, July and October of isopleths of 
the average weight of water vapour in decigrams 
above 1 square centimetre at the Earth’s surface 
and the isobaric surfaces for 850 mb. (about 
1-5 km. height), 700 mb. (about 3 km.) and 
500 mb. (about 5-5 km.). Surface pressure is about 
1,000 mb. 

The authors necesserily devote much space to a 
detailed discussion of the observations and of the 
difficult problems involved in reconciling observations 
made with different types of radiosonde and allowing 
for instrumental defects such as lag. 


The most obvious feature of the charts at any on 
level is that water content is highest over the equa- 
torial rain forests and India in the summer monsoon, 
and least over the polar regions. Values are notably 
low for the latitude over the Sahara, where they are 
about the same as over Europe, but the other great 
desert areas are not very prominent in the run of the 
isopleths. Comparing the charts at different levels, 
it is clear that at all seasons, and over all areas on 
the average, half the water vapour content of the 
atmosphere is below 850 mb., far below the corre- 
sponding level for air at 500 mb. The highest value 
is over India in the summer monsoon, when the 
atmosphere holds 64 decigrams of precipitable water. 
Above the equatorial belt there is about 50 decigrams. 
Over the British Isles in winter the amount. is about 
11 decigrams and in summer 24 decigrams. 

The charts permit rough calculations to be made 
of the ratio of precipitation to storage of water 
vapour in the atmosphere. Over the Earth as a 
whole the store is equivalent to nine days rainfall, 
but over wet cool regions such as the Briiish Isles in 
winter the average store is equivalent to only about 
three days rainfall. Such differences in the storage 
ratio reflect differences in the manner of production 
of rain, which is mainly by convection of ‘local’ water 
vapour over the hot regions and by advection from 
over the oceans in cool ones. 


FREEZING AND DRYING OF BIOLOGICAL MATERIALS 


N recent years much has been said about the rift 

between science and the humanities. Neverthe- 
less, the majority of scientists are interested in 
history or literature, music, drama or art, while most 
students of the humanities use products of science 
and notice the impact of others on the world at 
large. The widening gap between different scientific 
disciplines may be more serious. A stage is approach- 
ing when biologists end physicists will no longer 
understand one another whether they try to com- 
municate orally or by writing. Several attempts to 


bridge this gap have already been made by those 
who investigate the effects of low temperatures and 
of desiccation on living cells and tissues and on their 
products. 


“Freezing and Drying of Bio- 


is based on a conference held at 
9*. 


The publice.ion 
logical Materials” 
the New York Academy of Sciences in October 195 
It forms a valuable sequel to two colloquia organized 
by the Institute of Biology in 1951 and 1958, to the 
discussion at the Royal Society in 1957, and to Prof. 
D. Keilin’s Leeuwenhoek Lecture in 1958. This is not 
a book for beginners. Dr. H. T. Meryman 1s over 
optimistic in saying that a stage of simplification 
has been reached in cryobiology. Prof. B. Luyet & 
nearer the truth in thinking that the biologist who 
works at low temperatures is in “‘a chaos of disequi- 

* Annals of the New York Academy of Sciences, Vol. 85, Article 2 
Freezing and Drying of Biological Materials. By Harold T. Meryman 


and 12 other authors. Pp, 501-734. (New York: New York Aeademy 
of Sciences, 1960.) 
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librium and disorder’. Dr. Luyet has, himself, thrown 
further light on the phase transition in gelatin gels 
and in solutions of glycerol, sugars and other bio- 
logical media at low temperatures. Dr. J. L. Stephen- 
son has continued his mathematical analysis of the 
process of crystallization in model biological speci- 
mens during rapid freezing. Prof. L. Rey admits 
that it is almost impossible to measure the eutectic 
temperatures of natural substances; nevertheless, 
he assesses the ‘eutectic requirements’ of biological 
materials in order to reduce damage after thawing or 
reconstitution from the dry state. Dr. C. V. Lusena 
finds that rates of formation, dissolution and re- 
distribution of ice are very slow in solutions of 
glycerol below —40° C. Dr. A. C. Taylor reports 
that few cells from human conjunctiva or avian skin 
survive rapid cooling in one stage to —78° or to 
—120° C. or when the formation of ice is accelerated 
by use of hydrostatic pressure. Dr. P. Mazur thinks 
that when cortain micro-organisms ere cooled rapidly 
in the range below —15° C. ice crystals in the frozen 
medium could seed the supercooled interior of the 
cells by passing through minute pores in the cell 
membrane ; damage, which occurs when slow thawing 
follows rapid cooling, might be due to migratory 
recrystallization of the intracellular crystals. 
Contributions from authors absent from previous 
conferences are particularly welcome. Dr. J. Levitt 
describes freezing injury in plants; but his attempt 
to produce a single theory to explain the cause of 
demage in cells of anime|s and plants is loss successful. 
Dr. A. P. Rinfret hes studied factors affecting the 
erythrocyte during rapid freezing and thawing in the 
absence and the presence of glycerol and ovher pro- 
tective substances. Dr. A. L. Hopkins has used 
radio-frequency spectroscopy to study biological 
media, human erythrocytes and frog ventricles at 
temperatures between 0° and —100° C. Ina striking 
paper, Dr. H. Fernandez-Moran describes the 


properties of liquid helium II and its use for pre- 
paring specimens of mammalian tissue for electron 
microscopy. He claims that his technique gives 
superior preservation of macro-molecular structures. 
Cytologists will need considerably more evidence 
and illustrations to convince them that freezing at 
—272° C. is necessary when subsequent staining is 
carried out at —150° C. 

Dr. T. W. G. Rowe, in an excellent account of the 
theory and practice of freeze-drying, employs two 
useful terms: the ‘Torr’, a measure of vacuum 
equivalent to a pressure of 1 mm. mercury, and the 
‘Lusec’, the rate of leakage under a pressure difference 
of 1 etmosphere of 1 litre/sec. at a pressure of ly. 
Principles of freeze-drying are also elucidated by Dr. 
H. T. Meryman and Dr. R. I. N. Greaves. Dr. 
Greaves discusses factors involved when viability of 
bacteria and other living cells is to be preserved by 
desiccation and strosses the importance of the com- 
position of the medium surrounding them. Dr. 
Meryman and Dr. E. Kafig are the first to have 
successfully preserved mammalian cells by freeze- 
drying. Rat erythrocytes wore intact and bull 
spermatozoa resumed motility after drying and 
reconstitution under the special conditions of their 
experiments. It is hoped that this interesting result 
with bull spermatozoa will be confirmed in other 
laboratories. 

A number of typographical errors have been 
noted; the figure legend on p. 523 is incorrect. 
Verbal efflorescences such as “organoleptic properties” 
(p. 527) to describe meat, ‘“‘operational complement- 
arity’ and “sequentially arrested states’ (p. 690) 
will do little to bring physicists and biologists together 
and would drive Mr. Thurber to his psychosemantic- 
ist. The editors are, however, to be congratulated 
on the speed with which they have published the 
report of this important conference. 

AUDREY U. SMITH 


U.S. NATIONAL ACADEMY OF SCIENCES-NATIONAL RESEARCH 
COUNCIL 


ANNUAL REPORT FOR 1958-1959 


HE annual report for 1958-59 of the National 

Academy of Sciences—National Research Council 
includes the review of the president, Dr. Detlev Bronk, 
reports on the autumn meeting, 1958, and annual 
meeting, 1959, of the National Academy, the 
Treasurer’s report, list of publications and reports 
on the activities of the Academy and the Research 
Council, including those of the several Divisions, those 
not assigned to a Division, of the Office of Inter- 
national Relations, of the Office of Scientific Per- 
sonnel, and of the United States National Committee 
for the International Geophysical Year (pp. viii+ 
224. Washington, D.C. : Government Printing Office, 
1960. 70 cents). The president in his review stresses 
the increasing concern of the Academy—Research 
Council with international scientific activities. The 
new Committee on Oceanography, an outgrowth of 
the International Geophysical Year, completed a 
report on the status and needs of all phases of oceano- 





graphy and its opportunities, which has already 
stimulated greater interest in oceanography and 
support for oceanographic research, including pro- 
vision by the National Science Foundation of a new 
research vessel. As a result of a conference held 
under the auspices of the Academy and the President’s 
Science Advisory Committee to consider how science 
and technology can be used more effectively by the 
International Co-operation Administration in its 
programmes of foreign assistance, the Academy was 
requested to study the possibilities for such assistance 
to the regions of Africa south of the Sahara and north 
of the Union of South Africa. 

During this first formative year of the National 
Aeronautics and Space Administration, the Space 
Science Board, established in June 1958, after 
securing programme recommendations from a broad 
cross-section of the scientific community, sought to 
develop a short-range space science programme. 
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Physics, chemistry, mathematics, astronomy, geology, 
geophysics, psychology and biology are all repre- 
sented on the Board. Many biologists are planning 
for research undertakings in outer space and to 
provide a forum for their discussions and planning 
an Armed Forces—National Research Council Com- 
mittee on Bio-astronautics has been established. 

The Committee on Fire Research has recently 
broadened the scope of its interests to include con- 
sideration of the causes and control] of all unwanted 
fires, such as forest fires, and publication of Fire 
Research Abstracts and Reviews as a periodical was 
commenced. A Research Correlation Conference on 
“Noise Control in Buildings’ was sponsored by the 
Building Research Institute and a committee set up 
for the study of agricultural pests and their control. 
Two temporary committees were appointed to 
supplement the work of the Materials Advisory 
Board, one to consider and define the more promising 
areas of research in solid-state physics and metal- 
lurgy, and the other to deal with the organization 
and support of materials research in the universities, 
industry and government. 

The Division of Medical Sciences commenced a 
survey of needs in tropical medicine, and its Com- 
mittee on the Cardiovascular System is seeking to 
stimuate interest in research into the central nervous 
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control of circulation, but the Committee on Infectious 
Diseases and Chemotherapy is being dissolved to 
make way for a more fundamentally oriented gx nup. 
The activities of the Division of Chemistry and 
Chemical Technology markedly increased, particu. 
larly in the international field; the Division of 
Engineering and Industrial Research was also 
much occupied, and its Committee on Ship Stee] 
and Ship Structural Design continued to assist 
the research programme of the inter-agency Ship 
Structure Committee by formulating research pro- 
grammes in these fields. These include a study of the 
influence of metallurgical structure on the brittle 
behaviour of ship steel, a comparison of the influence 
of manganese, carbon and other elements on notch- 
impact properties, and efforts to increase knowledge 
of the response by ships to ocean waves and of brittle 
fracture mechanics. 

The Office of International Relations has worked 
vigorously to foster exchanges of scientists between 
the United States and the U.S.S.R. and to facilitate 
travel there of United States scientists. A programme 
of reciprocal exchanges was negotiated between the 
Academy and the Academy of Sciences of the 
J.8S.8S.R. and arrangements were made for the par- 
ticipation of United States scientists in more than 
thirty international scientific meetings. 


RECRUITS TO TEACHING IN GREAT BRITAIN 


N inquiry by F. W. Land, of the University of 
Liverpool, was undertaken primarily in order 
to investigate the factors which were restricting the 
recruitment of a sufficient number of students in 
training colleges who were able and willing to teach 
mathematics and science*. This problem must be 
looked at as a facet of the larger problem of producing 
the whole body of teachers who should have, between 
them, a proper balance of subject interests. Although 
smaller in number, the trained graduates from 
universities take a role in this balance which, in many 
respects, is crucial, since they provide the greater 
part of the staffs of grammar schools from which are 
recruited the majority of the training college students. 
The problem of university teacher-training depart- 
ments is that mathematics and science graduates are 
not coming forward for training as teachers, whereas 
the training college problem is that those who are 
electing to train as teachers are reluctant to study 
mathematics and _ science. The Association of 
Teachers in Colleges and Departments of Education 
report of 1956 made it clear that this can only be 
brought about by a manifold increase in the number 
of mathematics and science graduates coming forward 
to train for service in both grammar schools and 
training colleges. This, in turn, depends on the 
ability of the universities to recruit more mathematics 
and science students and upon the willingness of 
industry to curb its seemingly insatiable demand for 
mathematics and science graduates. 
Any future increase in the number of science 
undergraduates will depend on the ability of schools 


* Recruits to Teaching : a Study of the Attainments, Qualifications 
and Attitudes of Students entering Training Colleges. By F. W. Land. 
Pp. 83. (Liverpool: The University Press, 1960.) 7s. 6d. net. 


to supply further recruits able to undertake uni- 
versity courses, and this, in turn, is dependent 
upon a supply of science teachers. For the time 
being, until the critical supply of teachers has been 
rectified, industrialists should be asked how many of 
the posts now being filled by graduates could be filled 
with less highly qualified persons without substantially 
reducing industrial efficiency. 

Mathematics and science pose problems for the 
training colleges which are of a different nature. 
Throughout the infant and junior schools almost all 
teachers are called upon to teach arithmetic. In 
secondary schools there is no possibility for years of 
having enough properly qualified teachers to provide 
specialist mathematics teachers for all children, and it 
is a debatable point whether studies such as English 
and mathematics, which are basic to all other studies, 
should be taught by specialists throughout the 
secondary schools. Most secondary teachers must 
expect to teach some arithmetic at least, even if the 
more specialized parts of the mathematics syllabus 
are in the hands of specialists. For this reason the 
arithmetical competence of all training college 
students is a matter of direct and intimate importance 
to their teaching. ; 

Science teaching will be much more in the hands of 
the specialists. In secondary schools, specialists with 
responsibilities for laboratories must teach the greater 
part of science. In many junior schools in Britain 
almost no science is taught at all. Although it 
highly desirable that more science be introduced into 
junior schools, it will not be highly specialized science 
calling for special qualifications, and any well-e: iucated 
teacher ought to be able to cope with junior school 
science as he is expected to cope with junior school 
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geography, history or handwork. The demands of 
schools are for an adequate proportion of students to 
be well qualified to serve as science specialists, and, in 
addition, it is desirable that all teachers should be 
informed about the basic nature of the scientific 
developments which are such a common feature of 
the environment in this second half of the twentieth 
century. 

For all students, standards to be desired are: 
sufficient mastery in both English and mathematics 
to qualify them as competent to teach the subjects, 
a generally balanced education which includes a fair 
knowledge of and interest in all the main subjects of 
the curriculum, including chemistry and physics as 
well as history and geography and art and music, 
together with a more specialized interest in a par- 
ticular subject which has been studied to the standards 
for examination at Advanced Level of the General 
Certificate of Education, and which will be their 
own individual contribution to the vitality of the 
teaching in their school. The interests of the 
schools require that the more specialized main 
studies should be so distributed among the teachers 
that the staffs of schools are not unduly biased in 
their interests and include representatives of all the 
main intellectual disciplines. 

These desirable standards are fulfilled in respect of 
English. The fact that the outlook for English is so 
healthy with entrants to training colleges is a reflexion 
of the fact that five times as many women honours 
graduates in English are being fed into schools by 
university departments as correspondingly qualified 
mathematicians. 

In arithmetic and mathematics the pbdsition is 
most unsatisfactory. In mathematics only just over 
half the students enter training colleges with passes 
at Ordinary Level of the General Certificate of 
Education, women students rate it tenth on their 
lists of interests and 44 per cent say either that they 
dislike it or they derive no enjoyment from it. The 
Vernon Test discloses such gross shortcomings in 
simple arithmetic that many students will have to 
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spend time on basic arithmetic in the course of their 
training. In Land’s investigation only 193 women 
students out of 1,880 have elected to study mathe- 
matics as a main subject. 

For the 90 per cent of students who are not taking 
main mathematics, provision must be made to give 
them ample opportunity to prepare themselves for 
whatever arithmetic and mathematics teaching 
comes their way. Approximately half of these seem 
to have sufficient competence to begin on a course 
which should have a two-fold aim. A necessary part 
of this course should be to interest them in using the 
mathematical skills they have, so that they begin to 
value their irreplaceable contribution to the under- 
standing and appreciation of the world around them. 
This calls for the exercise of considerable imagination 
and versatility, and, at present, many training 
colieges do not find sufficient time on their time-tables 
to enable this task to be attempted with any hope of 
success. The other part of their course will be more 
closely pedagogical and devoted to ‘methods of 
teaching’. 

For the other half of the students, these two courses 
need to be preceded and accompanied by a further 
course in basic arithmetic and mathematics. Such a 
course should begin with the assumption that there 
is no confident facility with number work. It must 
also take into account that achievement and under- 
standing have been limited to arithmetic and that 
there is no background of appreciation of mathe- 
matical ideas to build on. It must start with the 
acceptance of shortcomings in the powers of visual- 
ization of mathematical concepts, and, so far as 
possible, begin with simple arithmetical processes and 
build up some picture of mathematical development 
without much recourse to abstract ideas, formule or 
formal geometry. 

The staffing needs of mathematics ought to be 
reassessed. That about a quarter of the women’s 
colleges have been without full-time mathematics 
lecturers has always seemed, in Land’s words, ‘“‘to 
have been scandalous’’. 


ASSOCIATION BETWEEN AURORA AND VERY LOW-FREQUENCY 
HISS OBSERVED AT BYRD STATION, ANTARCTICA 


By L. H. MART.N, Dr. R. A. HELLIWELL 


Radioscience Laboratory, Stanford University, Stanford, California 
AND 
K. R. MARKS 
U.S. Antarctic Research Program, Washington 25, D.C. 


BSERVATIONS during 1959 at Byrd Station, 

Antarctica (lat. 70-5° S. geomagnetic), show a 
close association to exist between aurorz and certain 
very low-frequency hiss. The hiss usually occurs 
ina broad band with a centre-frequency of about 
8 ke./s. The intensity and band-width vary with 
ionospheric absorption and may also vary with the 
intensity of the aurorses. Under conditions of extreme 
ionospheric absorption, the intensity of the hiss drops 
to undetectable levels even in the presence of intense 
and active aurore. There are some indications that 
the centre-frequency of this auroral hiss may be 
telated to the type of aurora ; in particular, a centre- 





frequency of 9-6 ke./s. appears to be associated 
with red aurora. The average field intensity 
of the auroral hiss lies between 1 mV./m. and 
3 mV./m. 

The hiss was received with equipment designed for 
the study of whistlers and related very low-frequency 
phenomena. This equipment consists essentially 
of a large vertical-loop antenna matched to a wide- 
band (150 c./s.—-30 ke./s.) audio amplifier. The signals 
received were automatically recorded for 2 min. 
each hour. Auroral data were obtained visually 


as part of the regular International Geophysical Year 
programme. 
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The close association between the occurrence of 
aurore and very low-frequency hiss on frequencies 
greater than 4 ke./s. can be seen from the contingency 
tables. 


OCCURRENCE AND ABSENCE OF AURORZ AND VERY LOw- 
FREQUENCY HIss ABOVE 4 KC./S. 


Table 1. 


Hiss above 4 ke./s. 
les No 
. f Yes 213 18 
Aurore No 31 334 


The contingency table of actual results (Table 1) 
may be compared with the equivalent random table 
(Table 2), which shows the results that would be 
expected if there were no association whatever 
between the very low-frequency hiss and aurore. 


Table 2. RANDOM CONTINGENCY TABLE OF OCCURRENCE AND 
ABSENCE OF AURORE AND VERY LOW-FREQUENCY HIssS ABOVE 
4 KC./s. 

Hiss above 4 ke./s. 
Yes No 
= Yes 93 138 
Aurore { No 151 214 


This comparison shows the significant association 
between the occurrence of the very low-frequency 
hiss and aurore. A statistical (7?) test on the above 
tables gives 7? = 418 for three degrees of freedom, 
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Fig. 3. Diurnal variation of hiss at frequencies greater than 
ke./s. at Byrd Station. (a) July 1959; (b) August 1959 


thus strongly supporting the inference drawn from 
an inspection of the “‘Yes—Yes’ figures. 

As Table 1 shows, hiss occurring on a frequency 
greater than 4 kce./s. cannot always be associated 
directly with aurorw, nor can visible aurore always 
be associated with hiss. The 31 occasions when hiss 
was observed but no aurore reported coincide with 
periods when visual observations were not possible 
due to cloud cover or bright moonlight conditions ; 
it is probable that aurorz did occur on these occasions 
and the discrepancy is not regarded as significant. 
The 18 occasions noted when aurore were observed 
without hiss occurring can be attributed to complete 
absorption of the hiss signal in the lower ionosphere 
during blackout conditions. During the prolonged 
ionospheric storm of July 10-16, 1959, which was 
accompanied by considerable auroral activity, no 
hiss was observed during the periods of complete 
ionospheric absorption. The hiss signals returned 
simultaneously with the return of high-frequency 
echoes on the vertical-incidence ionosonde. 

Auroral hiss as observed at Byrd Station is different 
in character from the usual very low-frequency hiss 
observed at this Station. The normal hiss band lies 
at frequencies less than 4 ke./s. and the hiss is usually 
associated with ‘chorus’, a mixture of rising and falling 
tones. Figs. la and 1b show a typical sonagram of 
the ‘auroral’ hiss, and it can be seen that the greater 
part of the energy is concentrated at frequencies 
greater than 4 ke./s. and that the hiss extends above 
16 ke./s. Figs. 2a and 2b show a typical sample of 
the normal very low-frequency hiss received at 
Byrd Station. Here the greater part of the energy #8 
concentrated at frequencies less than 4 ke./s. and 
the hiss is accompanied by ‘chorus’. The lower- 
frequency limit of the hiss appears to extend below 
150 ¢./s., which is the low-frequency cut-off of the 
equipment. 
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The diurnal behaviour of the ‘auroral’ and the 
normal very low-frequency hiss are significantly 
diferent. The average diurnal variation of the 
‘auroral’ hiss for July and August, 1959, plotted in 
Figs. 3a and 3b shows two diurnal peaks, each 
coinciding with periods of maximum auroral activity. 
The diurnal behaviour of all other hiss for these 
months is plotted in Figs. 4a and 4b. These curves 
show one significant peak and closely follow the 
diurnal pattern of ‘chorus’ activity as plotted in 
Figs. 5a and 5b. 

Figs. 3a and 3b show two diurnal maxima, each 
corresponding to different types of auroral activity. 
It has been suggested!,? that these bi-diurnal peaks 
result from different diurnal distribution and charac- 
teristics of aurore occurring in two distinct auroral 
zones, an inner zone, about 10° from the geomagnetic 
pole, and an outer zone, about 20° from the geomag- 
netic pole. The diurnal peak of auroral activity of 
the inner zone coincides with the diurnal peak in 
chorus and very low-frequency activity at frequencies 
less than 4 ke./s. Further study of this coincidence is 
required before any great significance can be attached 
to it. 

Very low-frequency noise associated with aurore 
has been previously reported by other workers. The 
simultaneous occurrence of sub-visual aurora, 
observed with a sky-scanning photometer, and 4-6 
ke./s. noise observed on a narrow-band receiver at 
lat. 42° S. geomagnetic as reported by Duncan and 
Ellis* are not inconsistent with the observations at 
Byrd Station. 

The origin, or origins, of very low-frequency hiss 
and associated emissions is not yet understood. 
Hypotheses have been advanced based on: (1) 
selective travelling-wave amplification in the outer 
ionosphere*; (2) Cerenkov radiation®; and (3) 
proton gvro-resonance®. The first two are similar in 
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Fig. 4. Diurnal variation of hiss at frequencies less than 4 ke./s, 
at Byrd Station. (a) July 1959; (6) August 1959 
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many respects and do not appear to be inconsistent 
with the observations reported in this article. How- 
ever, the proton gyro-resonance hypothesis would 
seem to be applicable only to hiss occurring at 
frequencies less than that of proton gyro-resonance as 
pointed out by Aarons et al. Since the dominant 
hiss associated with aurore occurs at frequencies 
greater than 4,000 c./s. and the maximum possible 
proton gyro-frequency is about 800 c./s., it appears 
that this hypothesis cannot account for the ‘auroral’ 
hiss observed at Byrd Station. 

Further studies of available results are in progress, 
and it is expected that the occurrence and frequency 
distribution of the hiss bands throughout one year 
will be established. Further field observations 
should seek to determine the detailed relationships 
between the spectral characteristics of hiss and 
aurora. In addition, it is important to determine 
the spatial distribution of hiss with geomagnetic 
latitude. This might be accomplished using suitable 
direction-finding techniques or spaced-station studies 
along a line of geomagnetic longitude. 

The very low-frequency observations at Byrd 
Station were made by K. R. Marks, and subsequent 
analysis of the recorded tapes was carried out at the 
Radioscience Laboratcry, Stanford University, under 
National Science Foundation Grant 9511. The auroral 
data were compiled from observations by Mr. Marks 
and reports were issued by the U.S. Antarctic Re- 
search Program of the National Science Foundation. 


1 Lassen, K., Nature, 184, 1375 (1959). 

? Fel’dshtyn, Ya I., Izvest. Akad. Nauk S.S.S.R., Ser. Geofiz., No. 1, 
170 (1959). 

* Duncan, R. A., and Ellis, G. R., Nature, 183, 1618 (1959). 

* Gallet, R. M., and Helliwell, R. A., J. Res. Nat. Bur. Stand., 63D, 
21 (1959). 

5 Ellis, G. R., J. Atmos. Terr. Phys., 10, Nos. 5/6, 302 (1957). 

* Aarons, J., Gustafsson, G., and Egeland, A., Nature, 185, 148 (1960). 
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PRECISION INTERCOMPARISONS OF LEAD ISOTOPE RATIOS : 
BROKEN HILL AND MOUNT ISA 


By F. KOLLAR, Fror. R. D. RUSSELL and T. J. ULRYCH 


Geophysics Laboratory, Department of Physics, Un'versity of British Columbia, Vancouver, 8 


ARIATIONS in the isotope ratios of lead as 

observed in Nature are being used to a steadily 
increasing extent for such problems as determining 
the mode of emplacement of sulphide ore bodies, 
estimating the absolute ages of deposition of certain 
mineral deposits and as a means of obtaining geo- 
chemical information about the distribution of 
uranium, thorium and lead in the outer parts of the 
Earth. The precision with which such measurements 
can be made is variable, and it is difficult to stave an 
overall average, but uncertainties in a single analysis 
ranging from a few tenths of 1 per cent in the various 
ratios up to nearly 1 per cent certainly occur. As 
more and more sophisticated methods for analysing 
these data are developed the interpretations become 
more and more dependent on the available precision. 
We have recently constructed a mass spectrometer 
and have developed techniques which enable lead 
isotope ratios to be compared with a precision sub- 
stantially better than that previously obtained. It 
is the purpose of this article to show some examples 
of the precise intercomparison of lead samples and to 
make a few preliminary interpretations of the results 
obtained. 

All the measurements described in this article were 
made on a 12-in. radius, 90° sector-type, direction- 
focusing mass spectrometer constructed in our 
laboratory. Apart from the fact that this instrument 
makes use of transistor and magnetic amplifiers in 
the various power supplies', it is not substantially 
different from the usual instruments of its size. 
Principal differences that contribute towards increased 
precision are the stability of the filament emission 
control, which is somewhat better than in many 
instruments, and the use of a servo voltmeter to 
measure the ion currents, which enables us to make a 
peak height measurement with a precision much 
greater than we could obtain by measuring the record 
obtained with a chart recorder. Even with this 
precision and stability we are able to observe small 
variations in the ratios measured in a single sample 
from day to day. These variations are about !/10 of 
1 per cent. In order to minimize this effect we have 
compared each sample with a standard by observing 
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Fig. 1. Measured lead isotope ratios by the University of Toronto. 
The solid line is the conformable lead curve selected by Russell 
and Farquhar (in the press) 


alternatively two pairs of the sample spectra and two 
pairs of the standard spectra. Our procedure has 
been to compare the standard with one sample, then 
to compare this sample with a second, and finally to 
compare the second sample again with the standard. 
This gives a closed loop around which the deviations 
should sum to zero. In the measurements we obtain 
there is a closure error which is distributed among 
the measurements in the loop. Thus to obtain values 


DIFFERENCES IN MEASURED LEAD ISOTOPE RATIOS 





Deviation from standard in ratio shown 





208/206 206/204 207/204 208/204 
0 0 0 0 

+ O-l, + 0-006 + 0.001 0-03, 

0-2, — 0-005 0-016 0-06 

O-2, — 0-007 0-004 0-05, 

+ O-l, + 0-015 + 0-006 0-05 

0-1, — 0-004 0-011 0-03, 

— 0-3, + 0-074 + 0-037 0-11 

0-4, + 0-129 + 0-069 O26 

- 0-3, + 0-104 + 0-048 Ole 

— 0-4, + 0-116 + 0-072 + O17; 

0-2, + 0-104 + 0-061 + G1, 


Table 1. 
No. Description 
204/206 207/206 
| Broken Hill 
1 Main lode, No. 2 lens, No. 15 level 0 0 
30 =| Centennial Mine 0-002 0-03 
|} 31 Pinnacles Mine + 0-002 + 0-06 
34 Main lode, No. 2 lens, No. 17 level + 0-003 + 0-02 
44 Little Broken Hill Mine 0-006 0-05 
49 Globe Mine + 0-002 0-04 
Mount Isa 
59 Black Star Orebody 0-029 
60 Level No. 11, No. 2 Orebody - 0-050 
61 Level No. 12, No. 5 Orebody 0-040 
62 Level No. 9, No. 7 Orebody 0-043 
63 Level No. 9 0-040 
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Fig. 2. Measured lead isotope ratios by the University ot Toronto. 


The solid line is the conformable lead curve selected by Russell 
and Farquhar (in the press) 


for two samples we require the equivalent of six 
separate analyses. However, this additional effort 
has been well worth while in the increased precision 
obtained. 

It should be remarked that the intercomparison 
has been made possible by having rather pure samples 
of lead tetramethyl made by purifying the products 
of the usual Grignard reagent reaction in a vapour 
phase chromatographic column. Having pure samples 
increases the precision in a number of ways. Specific- 
ally, we are able to reproduce very closely the pressure 
and composition of the gas in the mass spectrometer 
source region and we are able to operate at lower mass 
spectrometer pressures than we would otherwise be 
able to do, thereby reducing the effect of pressure 
scattering. Despite these precautions the tailing due 
to pressure scattering is still significant and we make 
a correction for this in our final results. This correc- 
tion ordinarily amounts to about 0-06 per cent at the 
adjoining mass. 

Measurements made in this way are shown in 
Table 1 for samples from the conformable layer 
Broken Hill, New South Wales, Australia, and from 
Mount Isa, Queensland, Australia. Both these 
localities have previously been investigated by 
Russell, Farquhar and Hawley? and by Stanton and 
Russell*. The results of the previous analyses are 
shown in Figs. 1 and 2, where it is clear that it is 
impossible to observe any convincing relationship 
between the Mount Isa and the Broken Hill samples, 
and which show very clearly the magnitude of the 
spread in the existing measurements on these sampies. 
Figs. 3 and 4 show the results of analyses made at 
this University with the new instrument and tech- 
nique. The difference in precision is very striking. 
In particular, the cluster of points presenting the 
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Table 2. REPLICATE ANALYSES OF SAMPLE 1 
100/ratio of 
Date of analysis 204/206 207/206 208/206 
February 17* 6-198 96-60 
| February 19* 6-197 96 58 
| February 24* 6-203 96-40 
February 25* 6-205 96-53 
March 9 6-212 96-43 
March 10 6-213 96-42 
March 14 6-205 96°49 
March 16 6-208 96°33 
March 31 6-200 96-39 
Mean of all analyses with 6-205 96°44 223-80 | 
standard deviations + 0-006 + 0-09 + 0-18 
| Mean of last five analyses 6-208 96-42 223-77 
with standard deviations + 0-005 + 0-06 + 0-08 


7 ia —— ae eee I 


* Samples indicated were measured from the recorded chart. 


Broken Hill analyses in Fig. 3 is just a factor of 10 
smaller than that previously reported. Moreover, 
the distinction between the Mount Isa and the 
Broken Hill samples is now clear. The Broken Hill 
samples were calculated from peak heights measured 
with a Brown chart recorder, and are therefore 
slightly less precise than the Mount Isa results, which 
were measured directly from our servo voltmeter. 

Table 2 lists the analyses of our comparison sample 
No. 1, which is identical with Toronto sample No. 
T-1003 and which in turn has been widely circulated 
as an inter-laboratory standard. It can be seen that 
even on an absolute basis the reproducibility over a 
period of several weeks is quite good. It is also 
apparent that the reproducibility, particularly of the 
lead-208 value, is better for samples measured 
with the servo voltmeter. 

Although it is not primarily our intention to discuss 
the interpretations of these analyses in this article, 
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Fig. 3. Measured lead isotope ratios by us. The solid line is the 
conformable lead curve selected by Russell and Farquhar (in the 
press) 
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the following points seem very clear. Stanton and 
Russell’, and Cahen et al.* have suggested uniformity 
in isotopic composition as one of the criteria for 
non-anomalous leads. It can be seen that the 
lead-207/lead-204 and lead-206/lead-204 isotope ratios 
for the Broken Hill samples differ from their average 
value by less than 0-07 per cent. These samples are 
obtained from a 200 square mile area of the con- 
formable lead-bearing deposits at Broken Hill. 
Such extreme constancy for lead isotope ratios 
for a region this size has never been demonstrated 
before. 

The ratio lead-208/lead-204 is not nearly so con- 
stant, and we feel that the range of variation in this 
ratio exceeds the experimental error, which, judging 
from Table 2, should be no worse than for the other 
ratios. Note that this variation cannot be explained 
by an uncertainty in the lead-204 abundance. Our 
tentative interpretation is that the Broken Hill 
conformable leads have been contaminated by small 


amounts (0-2 per cent) of radiogenic leads formed 
from an environment with a uranium/thorium ratio 
three times the mean crustal or subcrustal value. 
The largest contamination is observed in samples 
No. 30 and No. 44, which occur farthest from the 
north-east-south-west line through Broken Mill 
parallel to the structural trends of the district. A 
similar trend is suggested by the measurements by 
Russell and Farquhar, but is obscured by the larger 
uncertainties of the measurements. 

The Mount Isa samples are less constant, and we are 
confident that the variation among these samples is 
significant. Moreover, these samples do not fit on 
the identical growth curve that would be chosen on 
the basis of the Broken Hill samples. However, if 
the less radiogenic samples are considered from each 
group, they fit a common growth curve to within 
about 0-15 per cent. These two mining areas are 
about 800 miles apart and this lends some support 
to the suggestion that these leads have been derived 
from depth by relatively simple processes, as has been 
suggested by Stanton’. The relationship among the 
Mount Isa samples is one that can be explained on the 
assumption that these are slightly anomalous leads 
being contaminated by thorium and uranium leads 
in their crustal environment. It is apparent that the 
Mount Isa leads are younger than the Broken Hill 
leads by an amount not exceeding 80 million years 
and probably not greater than 40 million years if the 
least radiogenic sample from each location is con- 
sidered. 

We are at present undertaking a series of measure- 
ments in an effort to find out whether suites of 
anomalous leads lie closely on straight lines as 
suggested by Russell, Farquhar and Hawley in the 
reference cited above, whether conformable leads as 
defined by Stanton lie as precisely on a single growth 
curve as preliminary measurements have suggested 
and whether samples of the same age do lie on 
isochrons as postulated originally by Gerling, Holmes 
and Houtermans. 

Technical assistance of J. L. Allard and P. H. Neu- 
kirchner is acknowledged with thanks. The samples 
were supplied through the kindness of Dr. H. F. 
King, Dr. R. M. Farquhar and Dr. R. M. Thomson. 
This work has been supported by the National 
Research Council of Canada and the Geological Survey 
of Canada. 

* Russell, R. D., and Kollar, F., Canadian J. Phys. (in the press). 

* Russell, R. D., Farquhar, R. M., and Hawley, J. E., Amer. Geophys 
Union Trans., 38, 557 (1957). 
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and Signer, P., Geochim. Cosmochim. Acta, 14, 134 (195s). 
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POTENTIOMETRIC STUDY OF PRIMING PAINTS FOR METAL 
By Dr. N. R. BHARUCHA 


Research Association of British Paint, Colour and Varnish Manufacturers, Paint Research Station, Teddington 


XINCE corrosion is an electrochemical phenomenon 
it is reasonable to expect that a study of potentials 

on the surface of a corroding metal would yield 
valuable and interesting information concerning the 
corrosion process. Useful information has already 
been obtained from the study of changes in the poten- 


tials of metal surfaces corroding in an aqueous 
environment!-§. 

The presence of single coats of oil paints on the 
metal surface does not interfere with the process 0 
potential measurements as both water and dissolved 
oxygen permeate sufficiently rapidly through the 
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paint film. The effects of the coat ing on the corrosion 
reaction may hence be determined. Potentiometric 
examinations of painted metal specimens have been 
carried out by several authors*®-'*. The measurement 
of such compromise potentials has drawbacks. The 
potential/time curves of specimens exposed to 
corrosive environments are generally subjected to 
random fluctuations. The results obtained are only 
qualitative, since the interpretation of the curves 
must in all cases depend not upon the actual values 
but upon the direction of the drift of such potentials 
with time. Furthermore, depending on_ the 
anodic and cathodic polarization characteristics of 
the metal, a measured potential may be associated 
with either a very low or a very high anodic current 
density. The measurement of such potentials also 
does not provide any conclusive information on the 
nature of any corrosion inhibition, that is, whether 
anodic or cathodic. 

A new method has been devised to provide data 
capable of quantitative interpretation, measuring 
individually the potential changes of anodic and 
cathodic areas of a partially painted test specimen. 
Since painted areas are generally found to be cathodic 
with respect to unpainted steel areas'.1*, a single 
specimen half-coated with a paint (primer) may be 
looked upon as forming a ‘contact couple’ when 
immersed in a corroding environment. A schematic 
representation of such a contact couple is shown in 
Fig. 1. The current lines are seen to be more con- 
centrated at the painted/unpainted boundary with 
the different equipotential lines at right angles to 
current lines. 
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Fig. 1. Schematic representation of a contact couple formed by 
a half-painted mild steel specimen 


The method consists essentially of scanning the 
surface of a specimen half-coated with a paint and 
immersed in a suitable electrolyte, noting the poten- 
tials recorded at regular distances (1 cm., 2 cm., 
3em., ete.) from the boundary between the painted 
(cathodic) and the unpainted (anodic) areas. The 
scanning is effected by means of a probe calomel 
electrode with a potassium chloride/agar bridge with 
a fine capillary tip (0-60 mm. diam.). The reference 
(calomel) electrode is placed at a fixed distance from 
the probe electrode and does not traverse the surface 
of the specimen. The tip of the probe electrode is 
kept at a distance of approximately 1 mm. from the 
surface of the specimen. The potential values are 
recorded on a valve potentiometer. 

The theoretical curves of potential against distance 
hear the boundary between the anode and the cathode 
of a ‘contact couple’ are shown in Fig. 2; when the 
resistance of the electrolyte has an appreciably 
high value an S-shaped curve is normally to be 
expected !7, 
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Fig. 2. Theoretical potential/distance curve for the area near the 
painted/unpainted boundary of a contact couple 








Cathode, painted ; anode, unpainted 


After a number of experiments with various 
electrolytes, triacetin (glyceryl triacetate), containing 
approximately 3 per cent water, was chosen, because 
of its low electrical conductivity (1-1180 x 10-8 
mhos/em. at 25° C.), stability, and non-reactivity 
with the paint film for the duration of the experi- 
ment. 

A paint film may provide protection by: (1) 
resistance inhibition ; (2) chemical inhibition. Both 
types of inhibition can be detected by a study of the 
S-shaped curve. Variations in the dimensions of the 
S curve may be correlated with different degrees of 
resistance inhibition, a curve that is small and 
compressed denoting better resistance inhibition 
than one that is large and elongated. Changes in 
the shape of the S curve, showing a decrease in the 
potential values over either the anodic or cathodic 
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Fig. 4. Potential distribution between steel and red iron oxide 


schematic representation of such a deviation from 
the ideal curve is shown in Fig. 3. 

To illustrate the types of curves obtained with 
films containing red iron oxide or red lead in pale 
boiled linseed oil are shown in Figs. 4and 5. Readings 
were taken every 15 min. until three consecutive sets of 
readings showed a constant value. A quick scanning 
was also carried out along two different paths over 
the panel to check the uniformity of the potential 
values. These values were then used to plot the 
potential/distance curves. 

The curve obtained for the red iron oxide paint is 
smooth and 8 shaped, indicating that the contribution 
of this pigment specimen to protection against 
corrosion is likely to be one of improving the structural 
barrier effect of the paint medium to ingress of mois- 
ture as a corrosive agent. The curve obtained from 
the red lead paint, however, shows distortion over 
both anodic and cathodic areas, suggesting that this 
material, in addition to providing resistance inhibi- 
tion, provides both anodic and cathodic chemical 
inhibition. 


$ 
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Other priming paints have been studied and found 
to provide varying degrees of resistance inhibition 
and, in some cases, chemical inhibition. 
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SOME ASPECTS OF THE FIBRINOGEN-FIBRIN TRANSITION 
By K. LAKI, JULES A. GLADNER 


National Institute of Arthritis and Metabolic Diseases 


AND 


J. E. FOLK 


National Institute of Dental Research, National Institutes of Health, Bethesda, Maryland 


"JT “HE thrombin-catalysed conversion of fibrinogen to 
| the insoluble gel-like polymer, fibrin clot, con- 
stitutes the final stage in the complex process of blood 
coagulation. 
The observation that the thrombin-induced con- 
version of fibrinogen to fibrin clot is a two-phase 
process',* ; (1) an enzyme action modifying fibrinogen 


to fibrin, followed by (2) the aggregation of fibrin 
molecules, may be considered as the starting point 
in a systematic study of this last step in blood 
coagulation. Our present understanding of man) 
of the chemical and _physico- -chemical reactions 
involved in this conversion is a result of the ingenuity 
and combined efforts of many investigators. 








7 
cur 
enz 
bea 
gen 
non 
ial? 
clot 
nit! 
of 1 
tide 
thre 


beer 
hyd 
met. 
atta 

T 
dem 
well 
com 
isop 
pow 

Si 
fluor 
meal 
be 
phos 
isopl 
enzy 
Emr 
phos 
taini 
hydr 
have 
thro: 

Th 
Tab} 
is re 
grou’ 
Furt 
and 
acids 
This 
site « 
tryps 


Table 





al 


yund 
ition 


i, 210 


0). 
1932). 
51). 

953). 


p, 169 


brin 
ont 
lood 
any 
ions 
uity 








wo. 4739 August 27, 1960 


The Enzymatic Phase 


The difference in isoelectric points* and titration 
eurves of fibrinogen and fibrin‘ suggested that, in the 
enzymatic process, a small molecule (or molecules), 
bearing negative charges, was released from fibrino- 
gen>, These suggestions were substantiated when 
non-protein nitrogen® and ninhydrin-reacting mater- 
ial? were found in the supernatant fluid of fibrin 
clots. Further studies revealed that the non-protein 
nitrogen, liberated during clotting, consisted primarily 
of two acidic peptides, afterwards designated pep- 
tides A and B (ref. 8). These findings indicated that 
thrombin was a protease. However, the exact nature 
of the bond or bonds acted upon by thrombin 
remained unknown. The finding that amino- 
terminal glutamic acid of fibrinogen is replaced by 
amino-terminal glycine in fibrin suggested that 
thrombin-catalysed hydrolysis occurred on _ the 
amino-side of specific glycine residues*. By the use 
of carboxypeptidase B, recently discovered in this 
laboratory?®.!!, it was possible to demonstrate arginine 
as the carboxyl-terminal residue of both peptides 
A and B23, Since fibrinogen has no C-terminal 
arginine residues, it can be concluded that the 
peptides are bound to fibrinogen through their 
arginine end. This evidence directly substantiates 
the previous tentative conclusion that the bonds 
hydrolysed by thrombin to liberate these peptides 
are arginylglycine bonds. 

The specificity of thrombin for ester or peptide 
bonds involving the carboxyl group of arginine has 
been demor.strated by the speed with which thrombin 
hydrolyses the synthetic substrate, tosyl- l-arginine 
methyl ester and its amide analogue, while scarcely 
attacking similar compounds of other amino-acids". 

The proteolytic nature of thrombin was further 
demonstrated by the observation that the clotting as 
well as the esterase activity of thrombin becomes 
completely inhibited following treatment with di- 
isopropy]phosphofiuoridate™®,*. This reagent is a 
powerful inhibitor of a number of hydrolytic enzymes. 

Since thrombin inhibited by ditsopropylphospho- 
fluoridate can be restored to activity by chemical 
means, for example, by nucleophilic attack, it may 
be postulated that the localization of the isopropyl 
phosphate binding involves the active site. The 
isopropyl phosphate is bound so strongly to these 
enzymes that it survives mild acid hydrolysis. 
Employing diisopropylphosphofluoridate labelled with 
phosphorus-32 for the inhibition, the peptides con- 
taining the radioactive phosphorus following mild 
hydrolysis can easily be detected and isolated. We 
have isolated four such peptides of the inhibited 
thrombin?’, 

The composition of these peptides is shown in 
Table 1. Since serine is the common amino-acid, it 
8 reasonable to assume that the serine hydroxyl 
group is the site of the isopropyl phosphate binding. 
Furthermore, it was possible to show, by end- -group 
and sequence analysis, that the sequence of amino- 
acids in the vicinity of this serine is gly.asp.ser.gly. 
This is the same sequence that was found at the active 
site of the proteolytic enzymes trypsin and chymo- 
trypsin!* 19 
Table 1, RADIOACTIVE PHOSPHOPEPTIDES ISOLATED FROM THE SYSTEM 

DiisoPROPYLPHOSPHOFLUORIDATE-THROMBIN 
Fraction of peptide Amino-acid composition 
2 (Asp, Ser, Gly) 
4 (Asp, Ser) 
(Ser, Gly) 


(Asp, Ser, Gly) 
(Asp, Ser, Gly, Glu, Ala) 


~o 
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These observations, which clearly class thrombin 
among the proteolytic enzymes, do not explain why 
the action of thrombin is limited to the hydrolysis 
of a few arginyl peptide bonds in fibrinogen. There 
must be many such bonds in this protein. Trypsin, 
for example, splits many arginyl bonds of several 
proteins, including fibrinogen, which are not suscept- 
ible to the action of thrombin (Mihalyi, E., personal 
communication). It is conceivable that the unique 
sequence of amino-acids around or in the vicinity of 
bonds susceptible to thrombin directs this ‘limited 
proteolysis’ in a manner similar to that postulated 
for the selective bond-cleavage which occurs during 
the tryptic activation of trypsinogen?®. 

In order to explore this theory of ‘limited proteo- 
lysis’ as well as to obtain amino-terminal sequence 
data on fibrinogen, an amino-acid sequential analysis 
of peptides A and B was undertaken. For such 
investigations, peptides A and B were separated, 
isolated and purified by chromatography on an 
anionic cellulose exchanger. Combined sedimenta- 
tion and diffusion results with the purified peptides 
indicated a molecular weight of 2,000 for peptide A 
and 2,400 for peptide B. The quantitative amino- 
acid analysis of these peptides gave minimum 
molecular weights of 1,890 and 2,460 for peptides 
A and B, respectively, in good agreement with the 
physical measurements?*,?!. 

Peptide A 
glu.asp.gly.ser.asp.pro.pro.ser.gly.asp.phe.leu.thr.glu.gly.gly.gly. 
val.arg. 
Peptide B 
(NH,) 
(asp,.glu,.pro,.thr.gly.tyr-SO,.phe.arg.lys.)val.gly.leu.gly.ala.arg. 


Fig. 1. Summary of the proposed complete amino-acid sequence 
of peptide A and partial amino-acid sequence of peptide B 

Fig. 1 shows the postulated amino-acid sequence of 
peptide A (ref. 22) and the partial amino-acid sequence 
of peptide B. (A sequence similar to that presented 
in this article with the exception of the position of 
one aspartic acid residue in peptide A has been 
reported recently in a short communication®*.) In 
peptide A, the free carboxyls of aspartic and glutamic 
acids are rather ev enly distributed along the peptide 
chain and are separated from the C-terminal arginine 
by the gly;.val sequence. The two adjacent proline 
residues can form a point at which the direction of the 
peptide chain may be reversed. It should be men- 
tioned that the prolylproline sequence has been 
found in the melanophore-stimulating hormone from 
pig anterior pituitary gland**. This type of linkage 
(that is, between two cyclic amino-acids) has been 
suggested as a recurrent one in gelatin®®. Although 
our present knowledge of the structure around the 
bonds of fibrinogen susceptible to thrombin is limited 
to the amino-acid sequence of peptide A and the 
partial sequence of peptide B, it is, nevertheless, 
tempting to speculate on the unique and narrow 
specificity of thrombin in its role of releasing these 
peptides from fibrinogen. There are in each peptide 
two proline residues as well as several dicarboxylic 
amino-acids—gly;.val in the case of the A peptide, 
and val.gly.leu.gly.ala. in peptide B. The high 
density of negative charges, perhaps oriented in some 
specific manner relative to the remainder of the 
fibrinogen molecule, may contribute to the selective 
cleavage by thrombin. This type of structure has 
been postulated to be involved in the selective bond- 
splitting which occurs during the tryptic activation 
of trypsinogen®*. Other residues or groups of residues 
in the peptide molecules may exert a further orienting 
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effect, as suggested by the prolylproline sequence of 
peptide A. In line with this suggestion is the ability 
of thrombin to hydrolyse gelatin®*. 

On the other hand, the structure of the peptides 
per se may play no part in the transition of fibrinogen 
to fibrin, other than that of masking hydrogen-bond 
donor or acceptor groups which are afterwards 
involved in polymerization?’ (see polymerization 
phase). Residues or groups of residues on the 
glycine side of the arginine glycine bonds which are 
attacked by thrombin may be altogether responsible 
in directing the specificity of this enzyme. 

The enzymatic phase of the fibrinogen—fibrin 
transition may be summarized by the following 
reaction : 

thrombin 
fibrinogen = fibrin + (peptide A) 
(peptide B) 

In the next step, fibrin molecules polymerize to 
form the clot, but the peptides A and B are left 
freely dispersed in the clot liquor. In co-operation 
with E. Leonard (National Heart Institute), we have 
observed the action of these peptides on the carotis 
muscle of rabbit. This effect is probably similar to 
the stimulating effect observed on frog heart by one 
of us’. With an isolated preparation of rabbit 
carotid artery strip, suspended in such a way that the 
muscle could be stimulated electrically and tension 
measured?*, it was found that 250 ugm./ml. of peptide 
B caused a slow rise in the tension exerted by the 
muscle fibres without electrical stimulation, and that 
in the presence of 80 ugm./ml. the tension developed 
in response to electrical stimulation was increased 
over control values. Although these results are based 
on experiments with only two preparations of peptide 
(on four strips of artery) and the specificity of the 
effects has not yet been adequately studied, it is 
tempting to speculate that in tissue trauma the 
cleavage of fibrinogen leads not only to clotting but 
also to local vasoconstriction through the release of 
the peptides. The local concentration of peptides 
A and B, assuming complete conversion of fibrinogen 
to fibrin, would be approximately 120 ugm./ml. 
Although the tissue concentration of peptide might 
well be less than the 80 ugm./ml. found to affect the 
contractility of the arterial strip, it is frequently 
observed that the sensitivity of smooth muscle in the 
large vessels is much less than that of the arterioles 
and pre-capillaries, and, therefore, a local constrictor 
action of the peptides in vivo remains a possibility. 


The Polymerization Phase 


Depending on conditions, pH, ionic strength, ete., 
the fibrin molecules formed in the enzymatic phase 
quickly aggregate to form a _ network-like struc- 
ture, the fibrin clot. However, the aggregation is 
not completely random. For example, electron micro- 
graphs reveal interesting regularities in these clots*’. 
In addition, various physicochemical measurements 
indicate that the fibrin molecules are held together 
in the clot by about ten hydrogen bonds**. Such a 
great number of bonds might be indicative of large 
areas of complementariness between these fibrin 
molecules, further suggesting that the molecules 
actually aggregate into a highly ordered network. 
The pattern and properties of this network are 
‘coded’ into the fibrin molecules. In order to under- 
stand more fully the clotting process, this ‘coded’ 
pattern must be elucidated in terms of chemical bonds, 
bond patterns, and bond forces. For details, the 
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PEPTIDE A 





PEPTIDE 6 





Fig. 2. Schematic representation of the fibrinogen molecules 
(ref. 33). The arrows indicate the location of the arg.gly. bonds, 
the site of thrombin action. The ‘legs’ on which the peptides 
stand indicate hydrogen bonds (ref. 27) 
reader is referred to a recent review by Scheraga and 
Laskowski*’. 

Recently the formation of four N-terminal glycine 
residues on fibrin, replacing the two N-terminal 
glutamic acid residues removed with peptides A in 
fibrinogen, was reported®*. This is indicative of the 
rupture of four peptide bonds. This observation, 
coupled with the reported release of about 3 per cent 
of the fibrinogen nitrogen, can be satisfied by postulat- 
ing the release of two each of the acidic peptides per 
320,000 gm. of fibrinogen. One each of the peptides 
would be released from 160,000 gm. of fibrinogen, 
suggesting this value as the molecular weight for 
monomeric bovine fibrinogen. 

Undoubtedly the removal of these peptides is a pre- 
requisite for the subsequent polymerization of the 
fibrin molecules. These highly charged peptides 
could conceivably prevent the association of fibrino- 
gen molecules (for example, by masking binding 
sites). It is of interest to speculate whether the 
removal of both these peptides is necessary for 
clotting, since it is possible to obtain a clot by snake 
venom enzyme with the removal of only peptide 4 
from fibrinogen*!. However, under conditions where 
only peptide A is released, the subsequent aggregation 
of fibrin molecules is almost exclusively end-to-end. 
Normally, both peptide A and B are released and the 
fibrin molecules aggregated end-to-end as well as 
side-by-side. It is thus possible to have essentially 
all fibrin molecules incorporated into a clot while 
the clotting process is still going on. Unless the end- 
point of the clotting is properly ascertained. one ma) 
conclude that the removal of only one of the peptides. 
peptide A, is necessary for normal clotting. The 
termination of the clotting process is clearly recog- 
nizable when the clotting is followed in a calorimeter : 
the cessation of heat evolution marks the end of 
clotting®*. When the clot liquor is examined at 
this point, it is found that it contains both peptides 
A and B. 

When the clotting is followed in a pH-stat, the 
uptake of base stops after the cleavage of two peptide 
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bonds per 160,000 gm. (Mihalyi, E., personal 
communication). Again the clot liquor contains 
both the two peptides. 

Since the release of peptide A favours end-to-end 
aggregation, one may conclude that peptide A is 
located at the end of the fibrinogen molecule and 
peptide B on the side of the molecule. 

In electron microscopic examinations, the fibrino- 
gen molecule appears to resemble a string of three 
beads with a total length of about 475 A. (ref. 33). 
Accepting the localization of peptide A on the end, and 
B on the side, the fibrinogen molecule may be pictured 
as shown in Fig. 2. In this illustration the peptides 
are in their unfolded state. The lack of any helical 
structure in these peptides is inferred from optical 
rotation measurements we have made on the isolated 
peptides in purified form (unpublished results). 
There is also indication that these peptides have no 
helical structure when bound to the fibrinogen mole- 
cule, since no change in the optical rotation of 
fibrinogen is observed when the peptides are split 
off by thrombin*. 

The picture of fibrinogen-fibrin transformation is 
not complete without mentioning that the clot 
formed in normal plasma differs from that formed in 
the purified fibrinogen-thrombin system. While the 
clot formed in the purified system is_ soluble 
in 8 M urea, the normal plasma clot is not, in- 
dicating that in plasma some factor causes the 
formation of strong bonds between fibrin molecules. 
The existence of such a factor can easily be demon- 
strated®, 

The addition of calcium ions and serum to a purified 
fibrinogen-thrombin system results in a fibrin clot 
which is insoluble in 8 M urea. (This factor has been 
called L-L factor** or fibrin serum factor*’.) Recently 
this factor has been isolated and purified 8,000 fold** 
from human plasma and has been found to contain 
a number of easily oxidizable SH groups which are 
necessary for its activity. It is a protein with a 
molecular weight of about 1/2 million**. The mode of 
action of converting urea-soluble fibrin clot into urea- 
insoluble clot has not yet been fully elucidated, but 
the fact that very small amounts of the pure factor 
are enough to convert the clot into its insoluble form 
suggests that its action on fibrin is enzymatic. The 
factor apparently is manufactured in the blood-form- 
ing organs. In certain diseases, especially with 
serious disturbance in the metabolism of bone marrow, 
this factor is missing, only the defective urea-soluble 
clot being formed**. The problem of why bone marrow 
is involved in formation of blood clots is intriguing 
and remains to be investigated. 
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It is hoped that the few experiments discussed in 
this short review illustrate the extent to which the 
molecular aspects of the fibrinogen-fibrin conversion 
have been clarified by the efforts of scientists of 
varying disciplines. The realization is also emerging 
that the last phase of blood clotting is intimately 
inter-related to other physiological processes such as 
the normal functioning of the bone marrow and the 
contractility of the capillary bed. 
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POSSIBLE OCCURRENCE OF INTERFERENCE SYSTEMS IN 
VIRUS-INFECTED PLANTS 


By A. D. THOMSON* 


Agricultural Research Council Virus Research Unit, Huntingdon Road, Cambridge 


NTERFERENCE between plant viruses was first 
demonstrated in plants infected with tobacco 
mosaic virus’ and has since been demonstrated 
between serologically related strains of many plant 
Viruses? and between some apparently unrelated 


_* Present address: Plant Diseases Division, Department of Scien - 
tie and industrial Research, Christchurch, New Zealand. 





viruses®. Although several theories have been 
proposed to explain interference’, the most recent by 
Best‘, there is little evidence on the mechanisms 
involved. In the experiments described below 
interference was measured by the ability of an 
inoculum that does not produce local lesions (inter- 
fering strain) to affect the local lesions produced by 
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another strain when the two are inoculated simul- 
taneously to susceptible leaves. Inhibition of infec- 
tions by lesion-forming strains in these conditions was 
first described by Sadasivan*. The present results 
suggest that sap from virus-infected plants contain, 
in addition to infective particles, another factor that 
inhibits infection. 

Table 1 shows the extent to which unfractionated 
sap from leaves infected with tobacco mosaic virus, 
potato virus X and potato virus Y decreased the 
number of lesions produced by lesion-forming strains 
of these viruses. Reduction in lesion numbers was 
accompanied by reduction in recoverable infectious 
virus. In addition to fewer lesions being formed, 
those produced by the mixed inocula were smaller 
than those produced by the single strain. 

Interference during simultaneous infection occurred 
with serologically related viruses (Table 1). Thus 
unfractionated extracts of 3 strains of tobacco mosaic 
virus inhibited the ribgrass and aucuba strains and 
extracts of 5 strains of virus X inhibited 3X #£-1. 
Extracts of unrelated viruses did not inhibit tobacco 
mosaic virus or virus X. However, extracts from 
plants infected with severe etch virus, virus Y and 
tobacco mosaic virus inhibited infection by cabbage 
black ringspot virus (Table 1). 

Virus preparations of apparent equal infectivity 
differed significantly in their ability to interfere with 
infection by lesion-forming strains. For example, 
with tobacco mosaic virus, interfering activity was 
greatly reduced by heating expressed sap at 55° or 
60° C. for 10 minutes and by dialysing expressed sap 
against distilled water for 48 hours (Table 2). Loss of 
interfering activity also occurred during purification 
of the virus by precipitation with ammonium sulphate 
(Table 2) and after 5 cycles of high- and low-speed 
centrifugation. 

In the case of virus X, freezing leaves before 
extracting sap resulted in elimination of interfering 
activity (Table 2) although this treatment did not 
reduce the interfering activity of tobacco mosaic virus. 

Preparations of tobacco mosaic virus which showed 
little interference with infection did interfere with the 
size of lesions of the lesion-forming strain (Table 2). 
This suggests that two factors responsible for inter- 
ference occur in unfractionated sap; one is more 
unstable than the virus and inhibits infection and 


INHIBITION OF LESION-FORMING BY NON-LESION-FORMING 
VIRUSES 


Table 1. 


Mean lesions per 

Inoculum*® half-leaf 
Lesion-forming virus | Treated Control 

Aucuba strain tobacco } 
mosaic virus 9 108 

Cabbage black ring- | 
spot virus 
Ribgrass strain 
tobacco mosaic virus 

3X £-1 strain potato 
virus ¥ 

‘Type’ strain potato 
virus Y¥ 

Cabbage black ring- 
spot virus 

Cabbage black ring- 
spot virus 


Interfering virus 


‘Type’ strain tobacco 
mosaic virus 

‘Type’ strain tobacco 
m« ¢ virus 

*“Masked’ strain 
tobacco mosaic virus 
AST4 strain potato 
virus X 

TV NY strain potato 
virus ¥ 

‘Type’ strain potato 
virus ¥ 

Severe etch virus 


38 


* Equal volumes interfering and lesion-forming viruses (treated) or 
healthy sap and lesion-forming viruses (control) rubbed on twelve 
tobacco (tobacco mosaic virus, virus X and cabbage black ringspot 
virus) or Physalis floridana (virus Y) half-leaves. Interfering prepara- 
tions were unfractionated sap from infected leaves. The concentration 
of lesion-forming strains of tobacco mosaic virus was 0-02 mgm./ml. 
3YR-1 was infective sap diluted 1/100, and virus FY and cabbage 
black ringspot virus were infective saps diluted 1/10. 
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EFFECT OF TREATMENTS ON INTERFERING ACTIVITY oF 
Tospacco Mosaic VIRUS AND VirnUS X 


Table 2. 


Mean No. lesions per half-leaf 
Interfering Healthy sap + 
prep. +lesion- | lesion-forming 
forming strain strain 
*Type’ strain tobacco mosaic virus 
heated 60°/10 min. 84t 109 
unheated 16t 128 
dialysed 53¢ 70 
undialysed 4; 70 


Interfering preparation* 


precipitated oncet 243 54 
precipitated three times 60t 54 
unfractionated 14t 58 
inactivated by ultra-violet light 101 100 
unirradiated 35t 100 


| AST4 strain potato virus Y 
from frozen leaves 45 40 
from unfrozen leaves 4 


* Equal volumes interfering preparation (expressed sap except 
where indicated otherwise) and lesion-forming strains (aucuba or 
3X E-1) rubbed on twelve tobacco half-leaves with similarly treated 
sap from healthy plants on opposite halves. 

+ Virus precipitated with ammonium sulphate and concentration 
adjusted with distilled water to give preparations of infectivity equal 
to unfractionated virus. 

} Lesions of lesion-forming strain restricted in size. 


another which is always associated with infectivity 
and inhibits virus synthesis or movement after 
infection. However, with all infectious preparations 
the interfering system would be formed after infection 
and the same factor may be responsible for both 
phenomena. 

Except possibly for homologous antisera* and 
irradiated virus preparations’ there is little evidence 
for specificity in the action of plant virus inhibitors. 
The present phenomenon appears to differ from that 
described by Bawden and Kleczkowski’, since prepara- 
tions of tobacco mosaic virus which inhibited infection 
were not inhibitory when inactivated by ultra-violet 
light (Table 2). Virus protein prepared by fission of 
tobacco mosaic virus with alkali is also an inhibitor 
of infection*, but there is no evidence that it is 
specific. Expressed sap from leaves infected with 
tobacco mosaic virus was centrifuged at 36,000 r.p.m. 
for 60 min. in rotor 40 of the Spinco model / ultra- 
centrifuge. Interfering activity was not present in 
the supernatant fluid. This suggests that certain 
anomalous proteins associated with virus infection 
are not involved with interference. Density-gradient 
centrifugation of tobacco mosaic virus and virus X 
in sucrose showed that infectivity and interfering 
activity occurred in the same zone in the gradient. If 
interference systems occur, then these appear to be in 
some way associated with virus particles. Virus 
multiplication also results in the appearance of other 
products in extracts from virus-infected plants, and of 
particular interest here is a virus-inactivating system 
present in plants infected with Rothamsted tobacco 
necrosis virus and tobacco ringspot virus®. This 
inactivating system seems to differ from interference; 
for example, the inactivating system does not occur 
in tobacco plants infected with tobacco mosaic 
virus’. 


4 McKinney, H. H., J. Agric. Res., 39, 557 (1929). 
Bennett, C. W., “‘Ann. Rev, Microbiol.’’, 5, 295 (1951). 
* Thomson, A. D., Nature, 181, 1547 (1958). 
. Best, R. J., Aust. J. Biol. Sci., 7, 415 (1954). 
» Sadasivan, T. S., Ann. App. Biol., 27, 359 (1940). 
* Bawden, F. C., ‘Adv. Virus Res.”, 2, 31 (1954). 
? Bawden, F. C., and Kleczkowski, A., J. Gen. Microbiol., 8, 145 (1953) 
* Bawden, F. C., and Pirie, N. W., J. Gen. Microbiol., 17, 80 (1957). 
* Bawden, F. C., and Pirie, N. W., J. Gen. Microbiol., 16, 696 (1957). 
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HISTOCHEMICAL LOCALIZATION OF HUMAN, TERM PLACENTAL 


178-ESTRADIOL DEHYDROGENASES: 


IMPLICATIONS 


FOR THE TRANSHYDROGENASE REACTION 


By Dr. DONALD A. KELLOGG and Dr. GEORGE G. GLENNER 


National Institutes of Health, Bethesda, Maryland 


TT’HREE 178-cestradiol-sensitive enzyme systems 
have been described in human, term placental 
homogenates: a diphosphopyridine nucleotide (DPN)- 
linked dehydrogenase, a triphosphopyridine nucleo- 
tide (TPN)-linked dehydrogenase, and a TPNH-DPN 
transhydrogenase’-*. Although previous work sug- 
gested that these reactions were mediated by a single 
enzyme which, because of its dual nucleotide speci- 
fcity, could function as a transhydrogenase*‘, 
Hagerman and Villee recently isolated separate and 
distinct protein fractions for each system’. The 
presence of di- and tri-phosphopyridine nucleotide as 
co-factors in these reactions suggested that histo- 
chemical experiments might give further insight into 
the problem. If only one protein exists, or if the 
function of the two dehydrogenases is to mediate 
transhydrogenation, one would expect similar cellular 
localization of the two dehydrogenases. On the other 
hand, dissimilar histochemical localization of the two 
nucleotide-linked dehydrogenases would be consistent 
with the existence of more than one protein system 
catalysing the dehydrogenation of 178-cestradiol. The 
validity of demonstrating histochemically a specific 
nucleotide-linked dehydrogenase by means of tetra- 
zolium salts had been discussed by Cascarano and 
Zweifach®. Using histochemical techniques, Pearson 
and Grose demonstrated a 178-cestradiol diphospho- 
pyridine nucleotide-linked dehydrogenase in rat liver 
and small intestine’; and Wattenberg studied a 
diphosphopyridine nucleotide-linked 38-ol steroid 
dehydrogenase in rat ovary, adrenal cortex, testis, 
and liver and human corpus luteum, adrenal cortex, 
and the syneytiotrophoblast of term placenta’. In 
these experiments, no attempt was made to demon- 
strate a triphosphopyridine nucleotide-linked re- 
action; however, Wattenberg suggested that the 
presence of a 38-ol steroid dehydrogenase implied the 
existence of a steroid synthesizing mechanism. 

The present histochemical observations show that 
the two 178-cestradiol dehydrogenase reactions of 
human, term placenta have characteristically different 
cellular localizations. 

Ten term placentas were frozen within 30 min. of 
delivery ; fresh frozen sections, 10u thick, were cut 
© & freezing microtome, mounted on slides, and 
immediately incubated in appropriate media for 
|-3 hr. at 37° C. Other specimens were fixed for 
‘hr. in neutral, 10 per cent formalin, washed, and 
tarried through identical sectioning and incubation 
Procedures. The incubation medium for demonstra- 
ton of dehydrogenase activity consisted of 2 moles 
of pH 7-4 tris buffer, 2 umoles of steroid substrate, 
 umoles of oxidized nucleotide, 50 mgm. of crystal- 
ine bovine albumin, and 10 mgm. of nitro-blue 
tetrazolium salt in a final volume of 20 ml. The 


addition of 1 zmole of Mg*+ or 0-2 umole of Zn** to 
the medium did not alter the staining characteristics. 
For histochemical localization of tri- or di-phospho- 
pyridine nucleotide diaphorase, 50 umoles of reduced 
nucleotide replaced steroid substrate and oxidized 
nucleotide in the incubating medium. 

Tri- and di-phosphopyridine nucleotide diaphorase 
were demonstrated in cells of the trophoblast, stroma 
and decidua. There was no difference in the dis- 
tribution or intensity of the two diaphorase reactions. 
Staining in the presence of 17$-cestradiol and di- 
phosphopyridine nucleotide was most prominent in 
cells of the trophoblast and decidua and less intense 
in the stroma (Fig. la). Incubation with 178-cestradiol 
and triphosphopyridine nucleotide produced intense 
staining of the perivascular stroma; but there was 
no detectable reaction in the cells of the trophoblast 
or decidua following 1 hr. incubation (Fig. 10). 
Although a 3-hr. incubation in the presence of 176- 
cestradiol and triphosphopyridine nucleotide produced 
@ minimal reaction in the trophoblast, the staining 
differences described above were accentuated. 

Either oxidized nucleotide imcubated with 17«- 
cestradiol, stilbcestrol or cestrone produced no stain- 
ing. Both dehydrogenase reactions were inhibited by 
50 umoles of mercuric chloride in the incubating 
medium. Raising the pH to 8-6 did not appreciably 
affect the reaction although lowering it to 6-4 lessened 
the intensity of staining. These data are in general 
agreement with known biochemical findings*-. 

Because of the recognized limitations of the histo- 
chemical technique, it cannot be stated unequi- 
vocally that the differences demonstrated here are 
not due to such factors as differences in binding of 
tetrazolium salt, the existence of a diffusable enzyme, 
differences in reaction-rates with the two nucleotides, 
interaction of steroid with diaphorase or oxidase, or 
coupling of enzyme to diaphorase. 

To investigate the possibility that the marked 
staining of the trophoblast and decidua in the 
diphosphopyridine nucleotide-linked reaction was due 
to preferential binding of tetrazolium salt, placental 
slices were incubated in the usual medium containing 
all constituents except nucleotide and steroid sub- 
strate. Following the washing of these sections and 
the reduction of the tetrazolium salt with 0-1 per cent 
ammonium polysulphide solution®, no preferential 
decidual or trophoblastic binding was noted. 

To determine if enzyme diffusion occurred, placental 
slices were overlaid on inactivated rat kidney slices 
and incubated in appropriate media. Moderate 
staining of the kidney in the presence of 178-cestradiol 
and diphosphopyridine nucleotide was obtained, but 
there was no detectable staining of the kidney in the 
presence of 178-cestradiol and _ triphosphopyridine 








Fig. 1, a, Localization of 178-cestradiol diphosphopyridine nucleotide-linked dehydrogenase. 
6, Localization of 178-cestradiol triphosphopyridine nucleotide-linked dehydrogenase 


nucleotide following 1 hr. incubation. Formalin 
fixation for 4 hr. did not alter these phenomena. 
Either reduced nucleotide incubated without steroid 
substrate in overlay experiments produced no staining 
of the inactivated rat kidney. Incubation of placental 
sections in buffer alone for 15-30 min. followed by 
transfer to a medium containing substrate and 
oxidized nucleotide revealed a decrease rather than 
an increase in trophoblastic and decidual staining. 

Although these differences in staining of the over- 
laid kidney may be partly or wholly explained by the 
fact that plecental homogenates reduce triphospho- 
pyridine nucleotide in the presence of excess 178- 
cestradiol approximately one-half as rapidly as 
diphosphopyridine nucleotide*.*, the total lack of 
triphosphopyridine nucleotide-linked reaction in the 
inactivated rat kidney militates against it. Further, 
this cannot explain the characteristically different 
staining patterns observed in the placental slices 
with the two nucleotides and the fact that these 
differences are accentuated by prolonged incubation. 

The possibility that 178-cestradiol is affecting the 
diaphorase differentially or inhibiting reduced di- 
phosphopyridine nucleotide oxidase, as shown bio- 
chemically by Yielding and Tomkins’, and thereby 
diverting electrons to diaphorase, was examined by 
incubating placental slices with reduced di- or tri- 
phosphopyridine nucleotide and steroid. No sig- 
nificant differences resulted when compared with 
identical incubations without steroid. 

That these results are explained by the existence of 
one enzyme coupled predominantly to triphospho- 
pyridine nucleotide diaphorase in the stromal cell and 
only to diphosphopyridine nucleotide diaphorase in 
the trophoblastic cell appears unlikely in view of 
the intense reaction in the trophoblastic cell in 
the presence of reduced triphosphopyridine nucleo- 
tide. 

In placental homogenates the diphosphopyridine 
nucleotide-linked reaction can be inhibited by small 
quantities of triphosphopyridine nucleotide’. At- 


tempts were made to demonstrate this histochemically 
by pre-incubation of a placental slice for 5-15 min. in 
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a medium containing triphospho. 
pyridine nucleotide followed by 
incubation with 178-cestradio| 
and diphosphopyridine nucleo. 
tide for 1 hr. There was no sig. 
nificant difference between the 
resulting staining pattern when 
compared with controls prein- 
cubated in buffer and albumin, 
The same findings resulted when 
slices were preincubated in dj. 
phosphopyridine nucleotide and 
transferred to a medium cop. 
taining 17$-cestradiol and tri. 
phosphopyridine nucleotide for 
1 hr. Incubation in a medium 
containing 178-cestradiol and 
both oxidized nucleotides re. 
sulted in a summation of the 
staining patterns which resulted 
upon incubation with either 
nucleotide individually. 

The observations in this histo- 
chemical system for the two de- 
hydrogenase reactions strongly 
suggest that at least two distinct 
17-cestradiol-sensitive enzymes 
are being demonstrated. If the 
function of these two enzymes is to perform trans- 
hydrogenation, or if there is only one enzyme which 
because of its dual nucleotide specificity can perform 
transhydrogenation, one might expect the staining re- 
actions to be similar. In these experiments such was 
found to be the case only in the stromal cell. The ap- 
parent absence of significant 17$-cestradiol triphospho- 
pyridine nucleotide-linked dehydrogenase activity in 
the cells of the trophoblast and decidua where the 
178-cestradiol diphosphopyridine nucleotide-linked 
dehydrogenase activity is most prominent makes it 
unlikely that the two dehydrogenases function 
together in these cells principally as mediators of 
TPNH-DPN transhydrogenation. It is suggested 
that the different distributions of the two dehydro- 
genase reactions in these two cell-types reflects 2 
different qualitative function for 17{-cestradiol in 
each cell. It is noteworthy that the diphospho- 
pyridine nucleotide-linked reaction resides in the 
syncytiotrophoblast, the site of a diphosphopyridine 
nucleotide-linked 38-ol steroid dehydrogenase pre- 
sumably associated with a steroid synthesizing 
apparatus, and predominantly in those tissues directly 
associated with implantation, that is, trophoblast and 
decidua—tissues which have no significant triphospho- 
pyridine nucleotide-linked activity. 

We wish to express our thanks to the physicians 
of the Obstetrical Unit of the National Naval Medicel 
Center for their generous assistance, and to Dr. Roy 
Hertz for his helpful advice and criticism. 

1 Villee, C. A., and Hagerman, D. D., J. Biol. Chem., 205, 873 (1958 

* Langer, L. J., and Engel, L. L., J. Biol. Chem., 283, 583 (1958) 

* Talalay, P., Hurlock, B., and Williams-Ashman, H. 6., Proe. U.S 
Nat. Acad, Sci., 44, 862 (1958). 

« Hollander, V. P., Hollander, N., and Brown, J. D., J. Biol. Chem 
234, 1678 (1958). ' 

’ Hagerman, D. D., and Villee, C. A., J. Biol. Chem., 243, 2031 (19° 

* Casearano, J., and Zweifach, B. W., J. Biophys. Biochen Cytol. 5 
309 (1959). 

7 Pearson, B., and Grose, F., 
(1959). 

* Wattenberg, L. W., J. Histochem. Cytochem., 6, 225 (1955). 

* Farber. E., Sternberg, W. H., and Dunlap ©. E.. /. Histochen 
Cytochem., 4, 284 (1956). 

© Yielding, K. L., and Tomkins, G. M., Proc. U.S. Nat. Acad. Sei., % 
1730 (1959). 
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LETTERS TO THE EDITORS 


CRYSTALLOGRAPHY 


Mimetic Twinning in Urea~-Ammonium 
Bromide 

DURING an investigation of the crystal structure 
of the 1: 1 complex formed by urea and ammonium 
bromide it was found that certain of the crystals 
obtained from solution exhibited orthorhombic 
symmetry whereas the remainder appeared to belong 
to the lower moncclinic system. Examination of these 
under the polarizing microscope did not reveal any 
obvious Macrotwinning. 

Structure determination afterwards revealed the 
true symmetry to be monoclinic and the pseudo- 
symmetry shown by some of the crystals appears to 
be a result of twinning by crystallites of small 
dimensions. 

The pseudo-orthorhombic cell may be satisfactorily 
accounted for on the grounds of equal numbers of 
crystallites twinned as a result of a 180° rotation 
about the c axis as shown below. The symmetry of 
the monoclinic cell projection is p2 and the resulting 
symmetry of the orthorhombic cell emm (shown in 
dotted outline). 

In order for it to be possible for an orthorhombic 
cell of this symmetry to result from this type of 
must 


. . . . c 
twinning, the geometrical relation a cos 8 = 4 


LAE 
ey 
(vical 

LA 


Fig. 1. Formation of the pseudo-orthorhombic cell resulting 
from twinning. Redundant two-fold axes within the cell (that is, 
those which do not superimpose) are marked with a cross 


hold within the monoclinic cell. This is satisfied 

by the complex with a = 8-9A., c = 7-1A. and 

8 = 102°. (The relationship mentioned above is 

similar to that which results in twinning according 

to the Carlsbad law as evidenced in felspar when 
é 

acos® = 3) 

A further feature resulting from this twinning is 
that only half the urea molecules and bromide ions are 
directly superimposed in projection along with 6 axis, 
and consequently the Fourier map for this projection 
of the pseude-orthorhombiec cell shows a set of peaks 
for these having only half the expected electron 
density. 

Further work on the structure is in progress and 
full details will be published later. 

Thanks are due to African Explosives and Chemical 
Industries, Ltd., for permission to publish this 
work, and to Drs. J. W. Menary and W. H. Aarts 
for their valuable help. 


C. G. C. CaTEsBy 
Res2arch Department, 
African Explosives and 
Chemical Industries, Ltd., 
P.O. Northrand, 
Transvaal. 
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Pure Rotational Association of Ozone 
in the Region 125-500 Microns 


PURE rotation spectra of gaseous ozone have been 
recorded in the laboratory for the wave-length 
range 125-500u. This extends the region observed 
by Danti and Lord (125-200u) to longer wave- 
lengths, but has a useful overlap with their results’. 
It also covers part of the observed far infra-red solar 


spectrum where some unidentified features were 
attributed to absorption by ozone in the upper 
atmosphere?. 


Ozone was made by passing oxygen through a 
glass apparatus with an annular region in which there 
was a silent discharge. A mixture of oxygen and 
ozone was condensed in a trap surrounded by liquid 
nitrogen and, by slowly warming up the trap, the 
oxygen was removed by fractional distillation, leaving 
liquid ozone. This was then evaporated into an 
absorption cell which was part of the interferometer 
arrangement shown in Fig. 1. In this the whole 
optical path between the source and the detector can 
be evacuated to a pressure of less than 10-* mm. 
mercury, and a trap cooled externally with liquid 
nitrogen further reduces the amount of water vapour 
to the point where its absorption is negligible. The 
glass absorption cell was 10 cm. in length and was 
fitted with crystal quartz windows 2 mm. thick. 
These were sealed with silicone rubber ‘O’ rings, and 
silicone grease was used in stopeocks and joints 
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connecting the cell to the rest of the gas-handling 
equipment. With this arrangement the stability of 
the sample was such that the amount, measured by 
the total absorption, was not less than half the initial 
amount after 25 min., which was the time taken to 
complete one run. Interferograms were recorded, and 
spectra derived from them by Fourier transformation 
on a digital computer. The methods used for this, 
as well as a full description of the interferometer, 
will be given in later publications. Brief descriptions 
have already been published’. 

Fig. 2 shows typical results from a number of 
spectra recorded. Each curve was obtained by finding 
the ratio of ordinates of a pair of spectra, one taken 
with gas in the cell and one with the cell evacuated. 
For comparison are also shown the centres of gravity 
of the Q branches of ozone as calculated by Gora‘ 
(full lines) from microwave observations, and the 
positions and strengths of the strongest lines of 
H,O as given by Benedict in a private communica- 
tion (dotted lines). No relationship between the 
intensities of ozone and water lines is implied in the 
scale of the figure. 

It will be seen that the absorption of Q branches 
observed at the positions indicated is well marked, 
but elsewhere the reproducible features in the spectra 
largely correspond to the positions of water lines. 
These are not present in the spectra taken with the 
cell evacuated and must be caused by water in the 
ozone sample itself. Since this has been evaporated 
from a trap at a temperature of about 150° K., it 
seems certain that the water must have resulted 
from the reaction of ozone with something in the 
cell. The only likely material would be the silicone 
rubber or silicone grease. 

The spectral resolution, here defined as the width 
at half-intensity of a spectral window which is 
approximately gaussian, is about 0-8 cm.-! for the 
spectra shown. A number of runs have also been 
made with the higher resolution of 0-3 cm.-! but have 
not so far given any new information. The scale of 
intensity can only be given roughly since there are 
two sources of uncertainty. The first is the decay of 
the sample during the run; the second is that the 
scale depends on the assumption that the continuous 
background absorption is negligible at some selected 
point chosen in taking the ratios of the spectra. The 
values of absorption at the 46-cm.-! minima in the 
spectra A, B and C were, respectively, 34, 29 and 
40 per cent. 
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These results extend the range in wave-length 
where there is agreement between the positions of 
observed minima and Gora’s prediction of the centres 
of gravity of Q branches of ozone. In the region 
where the present results overlap with those of Danti 
and Lord, there is agreement and their conclusions 
are supported. In particular, the claim is also made 
here that much valuable data on the structure of 
molecules can easily be obtained from far infra-red 
spectra that can be derived only by considerable 
labour from microwave observations. The reason is 
that although the spectral resolution obtainable in 

the far infra-red is orders of magni- 
tude smaller than in the microwave 


Z . 
region, the range that can be studied 








ry] 





is very much greater. In this way 
the two techniques may be com- 
plementary. 

P The confirmation that Q branches 
are observed near 22 cm." and 
28 cm.-' in the laboratory spectra 
makes plausible the suggestion that 
unidentified features in the solar 
spectrum could be attributed to 
ozone in the upper atmosphere. 
There still appear to be problems, 
however, in reconciling the inten- 











4 sities of the laboratory and solar 





ca 
S MERCURY LAMP 
VACUUM CHAMBER 8B BEAM DIVIDER 
M, MOVABLE MIRROR = 
G GOLAY DETECTOR 1 FT, 
C SAMPLE GAS CELL 


Fig. 1 


spectra, and further work will be 
required on both. 

The work described above has 
been carried out as part of the re- 
search programme of the National 
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Physical Laboratory, and this communication is 
submitted by permission of the Director of the 
Laboratory. 
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Equations for determining Diffusion 
Coefficients in Liquid Systems by the 
Diaphragm Cell Technique 


THE diaphragm-cell technique, first introduced by 
Northrop and Anson!', has been widely used as an 
experimental method of utilizing Fick’s first law to 
obtain diffusion coefficients in liquids. The procedure 
isa simple one whereby diffusion takes place through 
a porous diaphragm separating two cells in which 
the respective liquid concentrations, initially different 
to provide a driving force or potential for diffusion, 
are maintained uniform. It is made clear by Gordon? 
in his classical review of the experimental and theoret- 
ical basis of the method that certain simplifying 
assumptions must be made in its utilization. These 
assumptions include constant solution volumes and 
constant fluxes throughout the porous diaphragm 
at any given moment. In measurements involving 
dilute solutions of electrolytes, the errors introduced 
by these assumptions have been analysed*.* and 
found to be unimportant. In the present work the 
magnitude of the error introduced by the second 
assumption was assessed for typical diaphragm 
diffusion celi conditions (including consideration 
of a binary non-electrolyte system). Dropping this 
assumption, the resulting system of differential equa- 
tions was solved by a numerical method. Comparison 
of the times required to produce a given concentration 
change with and without the above assumption 
showed a difference of not more than 0-02 per cent. 
The first assumption of constant solution volumes, 
however, may introduce significant error whenever 
the system is one that displays volume change on 
mixing. The importance of accurate liquid diffusion 
coefficients has led us to replace, with a more general 
expression, the simple logarithmic equation, given 
by Gordon?, that applies admittedly only if there is 
no change in volume on mixing: 

—— 7 
Cn ins: ool = 5) 4|D.t= —8.D.t (1) 


where c’ and c” are concentrations, and v’ and v” are 
Volumes of the half-cells, f and i refer to final and 
initial states respectively, A and I are the effective 
path area and length respectively, and 8 is the ‘cell 
feetor’. i 

The general approach proposed utilizes the ex- 
pressions for diffusion coefficients obtained by de 
Groot‘ by using the methods of the thermodynamics 
of irreversible processes with the mass flux given 
m terms of chemical potential as a driving force. 
The assumption that the system is close enough to 
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equilibrium for the flux to be proportional to the 
first power of the chemical potential gradient is made. 
Bird’ has tabulated the various types of notation used 
for binary systems. The following fundamental 
equation may then be taken (at constant temperature 
and pressure) : 


na = — op. Dap’. (=) +wa.(Ma4+7p) (2) 
Ox 
with Das’ = Dap . (294) (3) 
0 Inwa/ 


where n4 and 7g are the fluxes of components A 
and B in gm. cm.~? sec.-!, with respect to the appar- 
atus as a frame of reference; pe is mass density 
(overall concentration) in gm. em.~*; wa is concentra- 
tion of A as mass fraction; aa is thermodynamic 
activity of component A ; 2% is positional co-ordinate 
for unidirectional diffusion; Dag is diffusion co- 
efficient ; and Daz’ is modified diffusion coefficient 
incorporating the activity correction. In this equation 
the fluxes are considered with respect to stationary 
axes but the diffusion coefficient is the so-called bary- 
centric diffusion coefficient, that is, taken with 
respect to the mass average velocity. Comparable 
equations result for other terms of reference. 

For the ‘steady state’ assumption involved in this 
application of irreversible thermodynamics, we pro- 
pose substituting the concept of ‘space constant 
material transport across the diaphragm’. Using this 
premise and with rigorous application of the above 
equation to the diaphragm-cell experiment, the 
following equation has been derived for the integral 
diffusion coefficient, Darn’ : 


oe \ = : 9 
Dap’ = in od ; (wa* . yea + @s*) (— af (4) 
B.¢ 1+ K/ 
where R = (p.4’— pa" )i (Apa); 
(pa’—pa")p (Apads 
re” m 
I = | o aV’; 
Ao 4 J : 
ve” - 
» “B 
YBA - 9 
nA 
K = 0.04 — @ - oa" 


© = e4 + ee is mass density (overall concentration) 
in gm. cm.-*; 4 is concentration of A in gm. cm.-* ; 
v is volume (em.*); 4 is concentration of A as 
mass fraction ; 74 is flux of component A in gm. cm.-? 
sec.-!; ¢ is diffusion time, sec.; superscript ‘ is 
closed half-cell ; superscript ” is open half-cell ; — is 
mean of initial and final values; * is mean of the 
values at the bottom and the top of the diaphragm ; 
subscript ¢ is initial value at time ¢ = 0; subscript f 
is final value at time ¢; and subscripts A,B are com- 
ponents A,B (A + B). es 

The integral diffusion coefficient Das’ is related 


to the true differential value Daz’ by the following 
rigorous equation : 


- ™ - 2 \ 
T) (w4* . YB. wp*) eA 
4 BA \ 


(InR 


—_— —— — (5) 


t 
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oa’ 
. P o - Das’ . 
where F(w,4’.@,4”) = | P dw 4 (6) 
(4 - YBA + @B) 
A” 
For an excellent approximation : 
wa’ 
(w4* . yea + @p*) 1 
Dap’ . ’ ” 
e* QA — Qa 


WA 


It mey be noted that all the terms cen be evaluated 
from overall density-composition data, to give a 
diffusion coefficient which has the seme value regard- 
less of whether the concentrations of component A 
or of component B are used, and regardless of whether 
the half-cell containing the more- or the less-con- 
centrated solution is open. 

It can be shown when ¢ is constant, or p isa + be, 
(that is, no volume change on mixing), that equation 
(3) reduces to equation (1), and equation (7) becomes : 


Car 

, 1 , 

Das . | Dap’ - dea (8) 
c4’ — C4” 4 
ca” 

Extensive precision measurements on the ethanol- 
water system heave been mede. The calculated 
diffusion coefficients, based on these equations, and 
the complete derivation of these equations will be 
reported later. 

The use of the equations presented here will now 
allow the use of large concentration differences in 
diaphragm cell experiments, end permits the calcula- 
tion of accurate differential coefficients, D4’, from 
a series of values of D4p’ the integral coefficients. 
The precision of the experimental determination of 
the latter is, of course, enhanced greatly by utilizing 
conditions of large concentration differences. The 
conversion of the values of D4,’ to the corresponding 
D4p values can be done whenever the activity is 
known as @ function of composition. 

We thank the National Research Council of Canada 
for a grant-in-aid, and the Eldorado Mining and 
Refining Co., end Canadian Industries, Ltd., for the 
grants of fellowships (to F. A. L. D.) and financial 
support. 
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CHEMISTRY 


Energies of Activation for Self-diffusion of 
Alkali Metal lons in Analcite 

Tue self-diffusion coefficients and energies of 

activation for migration of alkali metal cations in 

analcite have recently been measured'!. We now find 

that when these energies are plotted against «,, the 

polarizabilities of the cations, the linear graph shown 
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in Fig. 1 is obtained. This line can be represented 
by the equation : 

E = 10:5 + 66 x a, 1024 (1) 
where E is expressed in kcel./gm. ion and x, in 
em.3/ion. 

Diffusion of a cation along a 
channel, the walls of which are, 
as in analcite, lined with nega. 
tively charged oxygens, must 
involve coulombic, polarization, 
dispersion and repulsion ener. 
gies. The variation in coulombic energy as the ions 
diffused was calculated in ref. 1 for an idealized 
system approximating to that existing in anal- 
cite. This periodic variation of coulombic energy 
for a univalent cation diffusing along the channel 
resulted in a contribution, AE-, of approximately 
10 keal./gm. ion to the overall energy of act- 
ivation. This coulombic energy is independent 
of the polarizebility of the cation, thus accounting 
for the term in equation 1 which is independent of 
polarizability, although the good agreement between 
experimental end calculated values is no doubt 
fortuitous considering the simplifications made in 
the calculations referred to’. 

The polarization energy of a cation of polar- 
izability «, in a field of strength, F, is, to a first 
approximation : 


, 


Ep = — }a,F? (2) 


and therefore the activation energy for diffusion of 
the cation due to polarization would be: 

AEp = — 3a, (Fr? — Fs’) (3) 
where Fg end F 77 are the fields existing at an equil- 
ibrium cation site and at the point in the channel 
corresponding to the top of the energy berrier 
respectively. Thus AEp = «,B, where B is & 
constant. 
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Fig. 1. Relationship between energy of activation for oclt-difeas 
of alkali metal cations in analcite and the polarizability of te 
cations 
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The dispersion repulsion energy can be evaluated 
from the relation : 


y XX, p l res 
Ep.r = —6Nme* —————_ = ) (4) 


aix/1 + &e/x_ "* \rs 2ri 

where “,, %_ and ¥,, %2 are the polarizabilities and 
diamagnetic susceptibilities of the cation and of 
oxygen respectively, m is the mass of the electron, 
N is the Avogadro number and c the velocity of 
light ; r denotes the distance between the oxygen 
and cation centres, and r, is the equilibrium oxygen : 
cation separation. «,/y, is approximately constant 
for the four cations considered here, and thus equation 


4 can be written : 
= /l re . 
r’s rs riz (5) 


and, as in the case of the polarization energy : 


Ep-r ~ — &% constant 


AEp.R ~ —%, constant 
ffl _ ré. 1 re \ } 
rs4\re 37,2) re Bre) $ (6) 
T B } 


where 7,’s and r,’s are the distances between cation 
centres and the centres of framework oxygens when 
the cations are on equilibrium sites and at the top 
of the energy barriers respectively. Accordingly, all 
r,s and r,’s are constant for all ions so long as the 
equilibrium positions and those of the tops of the 
energy barriers are the same. The 7,’s will differ among 
the ions, so the terms in 1/r* are constant for all ions 
but not those in 1/r'*. If the latter are small, we may 
write : 


AEp:r = «,C (7) 


where C is a coefficient which does not vary greatly 
among the ions. The total energy of activation, E, 
can then be represented by an equation of the same 
form as equation 1, since, according to the above 
treatment : 


E = AEc AEp + AEp.r = 104+ (B+ C)a, (8) 
In general, polarizability is proportional to ionic 
volume for similar ions of the same valence, and a 
linear relation was observed also between E and the 
volumes of the cations. 
R. M. BarRRER 
L. V. C. REEs 
Chemistry Department, 
Imperial College of Science and Technology, 
London, 8.W.7. 
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Differential Thermal Analysis of Some 
Transition Metal Ethylenediamine Tetra- 
acetic Acid Chelates 
ONE of the least-studied aspects of co-ordination 
chemistry is the thermal properties of metal com- 
plexes with organic chelating agents. With such 


easily available instruments as the automatic record- 
ing thermobalance and differential thermal analysis 
4pparatus, physical parameters such as minimum 
and maximum temperature limits for dehydration and 
Pytolysis reactions, rate-studies of thermal decom- 
Position reactions', and detection of intermediate 
“ompounds formed during pyrolysis are easily attain- 
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Temp. (° C.) 
Fig. 1. Differential thermal analysis curves for metal ethylene- 
diamine tetraacetic acid compounds. A, Na,CuEDTA-3H,0; 
B, Na,ZnEDTA‘3H,0; C, Na,CoEDTA-4H,0; D, Na,MnEDTA 
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able. Such information is needed in order to under- 
stand more fully the nature of certain types of thermal 
rearrangements and in synthesis work. 

Although the thermal stability of a number of 
complexes is known?, little information can be 
obtained concerning the thermal decomposition of 
transition metal ethylenediamine tetraacetic acid 
(EDTA) chelates. Previous work has been limited 
to the determination of the optimum drying tempera- 
tures for the salts, Na,EDTA-2H,0 (refs. 3-5) and 
Na,CaEDTA -2—3H,0 (ref. 5). It was found that 
the former could be converted to the anhydrous 
compound by heating to 120° C., but that tempera- 
tures above 150° C. resulted in decomposition of the 
salt. Similarly, the latter complex was dehydrated 
in the 37-180° C. temperature-range, with decom- 
position beginning at 337°C. In order to study 
further the thermal decomposition of the ethylenedi- 
amine tetraacetic acid metal complexes, the com- 
pounds Na,MEDTA-nH,0O, where M is cobalt(II), 
copper(II), manganese(II), and zinc(II), were 
examined by differential thermal analysis. 

The apparatus for differential thermal enalysis 
consisted of a furnace, similar in design to that pre- 
viously described*, and a microvolt  strip-chart 
recorder and furnace temperature controller’. Sample 
sizes ranged in weight from 125 to 140 mgm. with cal- 
cined alumina being used as the reference meterial. 
A heating-rate of 8-0 deg. C. per min. was employed 
with a chart speed of 6 in. per hr. 

The metal ethylenediamine tetraacetic acid com- 
plexes were obtained from the Geigy Chemical Co. 
(we are indebted to Dr. W. H. Zussman for providing 
these compounds), and were recrystallized from water— 
alcohol mixtures before pyrolysis. Thermobalance 
analysis* established the amount of hydrate water 
present in the complex and also the composition 
of the residual thermal decomposition product. 
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The resulting thermograms of the 
differential thermal analyses are given 
in Fig. 1. All the complexes gave 
pronounced endothermic (downward 
direction) peaks below 200° C. which 
were due to the evolution of hydrate- 
bound water. Immediately follow- 
ing the dehydration reactions, a 
series of exothermic (upward direc- 
tion) peaks were observed which r 
were due to the pyrolysis of the } 
anhydrous salts. The pyrolysis of the 
complexes appears to proceed step- 


SoEdlle-Be 
éi 














wise, as evidenced by the number of sy 
Since the reactions 
were carried out in air, the decom- 
products were probably 
gaseous carbon dioxide, nitrogen, 
water and ammonia, and residues consisting of mix- 
tures of sodium carbonate and metal oxide. 

The thermal stability of the hydrates, as shown by 
the endothermic peak minima, was: manganese 
(80°) 110° < copper, 140 cobalt, 145° < zinc, 
160° C. Some idea as to the heat of hydration can 
be obtained by comparing the areas under the dehy- 
dration peaks. All the complexes were 3-hydrates 
except manganese, which appeared to have the 
composition, 5-6 hydrate. Naturally, with the 
larger number of molecules of water of hydration 
on the manganese it would have the largest peak 
area; however, a rough comparison can be made 
with the other complexes. 

Some difficulty was experienced in obtaining repro- 
ducible exothermic peaks beyond 250° C. This was 
due to the tendency of the complexes to swell to 
voluminous proportions in the sample chamber during 
the pyrolysis, which resulted in pockets of air and 
erratic thermal conductivity of the samples. Hence, 
the differential response of the thermocouple was 
affected by this behaviour. 

It is planned to continue this work with other metal 
complexes of ethylenediamine tetraacetic acid. 


peaks observed. 
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A New Technique for following Rapid 
Rates of Crystallization 


TECHNIQUES for measuring rates of crystallization 
have been the subject of recent reviews'*. Most 
of the methods described are not applicable to fast 


rates. A microscope-ciné camera technique*® can be 


used when the species crystallizes in visibly discern- 
ible forms ; but interpretation of results is sometimes 


1-0 10 100 
t (sec.) 
Fig. 1 


complicated by impingement of boundaries between 
the crystalline entities. A method independent of 
the texture of the crystallizing species but requiring 
birefringence in the crystallized specimen has been 
developed in these laboratories. This consists, 
essentially, of following the increase in depolarization 
of plane-polarized light by the crystallizing specimen. 
Birefringence and crystallinity do not occur concw- 
rently under all conditions of crystallization’, 
but it is believed that when crystallization takes 
place from a melt under no external stress, measure- 
ment of rate of depolarization of light by the 
crystallizing sample parallels the development of 
crystallinity. 

Sections of dry polyhexamethylene adipamide 
(nylon 66) were melted in silicone oil between cover- 
slips and then transferred rapidly to a thermostatted 
hot-stage mounted between crossed nicols on a 
microscope. Depolarization of the plane-polarized 
light was followed by a photomultiplier connected 
to a cathode-ray oscilloscope and recorded by a camera 
fitted to the cathode-ray oscillograph. A time-base 
superimposed on the photographic trace facilitated 
calibration and measurement. The instrument was 
calibrated using standardized neutral density optical 
filters; over the range of outputs studied, photo- 
multiplier response was stable and linear. After the 
polymer melt specimen was transferred to the hot- 
stage a finite induction time, +, elapsed during which 
no depolarization occurred. With the onset of 
crystallization, the photomultiplier output increased 
exponentially to a maximum rate and then the rate 
decreased as & pseudo-equilibrium crystallinity was 
attained. Characteristic sigmoidal isotherms were 
obtained for each crystallizing temperature. Both 
the induction period and the crystallization time 
decreased with decrease in crystallizing temperature 
in the range 170—255° C., but a minimum is expected 
in the region 160—170° C. where nylon 66 is believed 
to crystallize most rapidly. 


I-—TI , . 
Normalized plots of ct against ¢ for each 
em t@ 


isotherm are superimposable and fit the Avram! 


equation? : 
In (7° —*) = — ken 

I- —I, 
where J, = initial photomultiplier output ; i= 
final photomultiplier output ; J; = photomultiplier 
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output after time ¢(sec.); k = constant; n is a 
constant characteristic of the type of nucleation. 

This technique does not provide information on the 
relative contributions of the nucleation and growth 
processes involved, but corresponding information 
may be obtained from spherulitic growth studies at 
low degrees of supercooling*-*. 


versus ¢ 
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Fig. 1 shows normalized plots of 


for various crystallization temperatures. The major- 
ity of these isotherms are coincident on displacement 
of the time axis, m agreement with specific volume 
time curves, and are typical of rate measurements’. 


‘* \ * 
Fig. 2 shows plots of log (>) against _—_ for the 


light transmission method superimposed on log G 


I . i 
versus 7K for spherulitic growth-rate measurements® 
i. 
I--—TI m 
4 = time when ———! = 0-5; G@ = growth-rate 
Ie a 0 
in u/min.). Results indicate that the apparent 


activation energies involved in both cases are similar, 
and this substantiates the similarity between the 
measurements. 

This technique has been applied to other homo- 
polymers under conditions where no visible spherulitic 
crystallization was apparent. It has also been shown 
to be an accurate method for melting-point determina- 
tions. 

A more detailed account of the apparatus and 
analysis of results will be published later. 
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Use of Azo Dyestuffs for the 
Polarographic Determination of the 
Lanthanides 

THE polarographic behaviour of some 2,2’-di- 
hydroxy azo dyes in the presence of the lanthanides 
has recently been a subject of study in this laboratory. 
The lanthanides were found to form coloured chelates 
in alkaline solution with erichrome violet B (5-sulpho- 
2-hydroxy benzene-azo-2-naphthol, C.J. No. 169), 
eriochrome black PV (5-sulpho-2-hydroxy benzene- 
azo-1,5-dihydroxy naphthalene, C.J. No. 170) and 
mordant blue 31 (5-sulpho-2-hydroxy benzene-azo- 

1,8-dihydroxy naphthalene 3,6-disulphonic acid, 
C.I. No. 16675). These dyes all exhibit well-defined 
single polarographic reduction waves. In ammonia, 
diethanolamine and piperidine buffers, the lanthan- 
ides cause a decrease in height of the dye step, and a 
second wave appears at a more negative potential. 
The height of the second wave is proportional to the 
concentration of lanthanide. 

Eriochrome violet B has previously been used 
for the polarographic determination of aluminium/’,*, 
thorium and zirconium’. This dye was also found 
the most suitable of those investigated for the present 
purpose, and was studied in detail using d.c. and a.c. 
pen polarography and _ linear-sweep cathode-ray 
polarography. The lanthanides combine with erio- 
chrome violet B ina 1 : 2 ratio, with apparent stability 
constants in the range 10° for neodymium to 10" for 
ytterbium at pH 9. The azo group is believed to be 
involved in the co-ordination, this accounting for 
the difference in reduction potential of the free dye 
and dye-lanthanide complex. In an ammonia buffer 
of pH 9, the difference in the half-wave potentials 
of the free dye and complex was found to increase 
with increasing atomic number of the lanthanide, 
being 45 mV. for lanthanum, and 234 mV. for 
lutetium. This permits simultaneous determination 
of the lighter and heavier lanthanides in admixture. 
In piperidine buffer (pH 11) the half-wave potentials 
of the complexes are all very similar, being separated 
from the dye wave by about 180 mV. 

The development of an analytical method neces- 
sitated a fundamental study of the polarographic 
behaviour of 2,2’-dihydroxy azo dyes at the dropping- 
mercury electrode. The behaviour of both the dye 
and the lanthanide complex is greatly influenced by 





773 NATURE 


adsorption of one or more forms at the mercury 
interface. These adsorption phenomena were investi- 
gated in some detail by a.c. polarography ; tensam- 
metric waves being observed for the dye, the reduced 
dye, and the dye-lanthanide complex. 

A complete account of this work will be published 
elsewhere in due course. 


T. M. FLORENCE 
L. E. SMYTHE 


Australian Atomic Energy Commission 
Research Establishment, 
Lucas Heights, 
New South Wales. 
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* Perkins, M., and Reynolds, G. F., Anal. Chim. Acta, 18, 616 (1958)- 
* Patzak, R., and Zaki, M. R., Mikrochim. Acta, 274 (1959). 


Structure of AgSCN.P(n-C;H7); 

Comp_exes of silver iodide with n-alkyl trisub- 
stituted phosphines are tetrahedrally co-ordinated’. 
Complexes with trico-ordinated silver can be prepared 
with substituted alkyl-aryl] phosphines*. Electronic 
effects due to alkyl substitution cannot be neglected, 
es factors which could influence the change in co- 
ordination’®; however, their importance must not be 
over-emphasized?. In fact, silver(I) very easily 
changes its co-ordination according to the nature of 
co-ordinating groups, and the factors which affect 
the changes of stereochemistry are not at all clear‘. 

Earlier work’ on complexes of silver thiocyanate 
and silver iodide with tricyclohexylphosphine has 
shown that silver is tri-co-ordinated in AgSCN.2PCy, 
(the situation being more complicated for the silver 
iodide derivative). X-ray preliminary results have 
shown that the silver atoms are not bonded by 

SCN— bridges. In agreement with the structure 
in the solid state, the compound was found to be 
monomeric in freezing benzene. 

On the other hand, it is known that silver thiocy- 
anate has a polymeric structure, the silver atoms being 
bound to nitrogen and sulphur atoms by two covalent 
bonds. The non-linearity of this co-ordination is 
& very interesting feature of the structure®. 

The crystal structure of AgSCN.NH,SCN is built 
up by silver thiocyanate molecules, and silver forms 
only one ‘true’ covalent Ag—S bond (2-47 A.). How- 
ever, the nature of three further ‘long’ Ag—S bonds 
(2-63, 2-65, 2-74 A.)7 must also be taken into con- 
sideration before any definite conclusions on the real 
stereochemistry of silver in this compound can be 
drawn. 

With these results in mind we found it of interest 
to investigate the compounds with general formula 


AgSCN.PR,, extending our earlier study on 
AgSCN.2PCy, to a larger number of aliphatic 


phosphines. 

The following previously unknown compounds were 
prepared by reaction of silver thiocyanate dissolved 
in ammonium thiocyanate water solution, and the 
corresponding phosphines : AgSCN.PEt, (m.p. 121° 
C.), AgSCN.PPr," (m.p. 66° C.), AgSCN.PPr,' 


(m.p. 99° C.). The compound AgI.PPr,;' (m.p. 
205° C.) was elso prepared in a similar way. These 


compounds are all non-electrolytes (Ajyg ~ 10°? in 
10-* molar nitrobenzene solution). The degree of 
association of AgSCN.PPr,', determined  cryo- 
scopically in benzene, is 2-0, whereas that of the 
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Fig. 1. A perspective view of two pairs of AgSCN.PPr," 
molecules. The n-propyl radicals are omitted for clarity 


AgSCN.PPr,”" is between 2-2 and 3-0. A dimeric 
structure (in solution) seems likely for the former 
compound, and interaction between the dimeric 
molecules is probably very weak also in the solid 
state. The degree of association of AgI.PPr;,' is 3:5 in 
benzene. This compound clearly belongs to the class 
of four-covalent complexes of the type [AglI.PR;,)], 
(R = n-alkyl)'. 

The crystal structure of AgSCN.PPr,” has been 
determined from two-dimensional X-ray data. There 
is still some question about the exact positions of the 
light atoms but the general picture of the structure Is 
well established. Determination of the parameters 


y 


by means of precession photographs gave the following 


data: AgSCN.PPr,” . M, 326-2 . Monoclinic. @ = 
Table 1. BOND-LENGTHS AND -ANGLES 
Bond d(A.) Angle d(deg.) 
Ag—s 2-79 P—Ag—N 137 
Ag—‘’ 2-74 S—Ag—N 104 
Ag—P 2-52 S’—Ag—P 111 
S—Ag—P LOT 
Ag—N 1-96 S’—Ag—N 108 
N—C 1-28 S—Ag—S’ a4 
Ag—s’—C 98 
c—s 1-76 Ag—S—C 103 
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b= 144 0-04, ¢ = 18-24 + 0-05A. 
3= 114 + 20’. Absent spectra, h0l when / is odd, 
0k0 when & is odd. Space group C8, — Pay. 
Four molecules per unit cell. Volume of unit cell = 
1482 A. (ref. 3), d, cale. 1-45, measured 1-41. 

The structure has been resolved by means of the 
usual two-dimensional methods. Intensities were 
estimated photometrically from several series of 
Weissenberg photographs by using copper K ,radiation. 
At the present stage of refinement the reliability 
factors are R = 0-15 on the projection (100) and 
R = 0-13 on the projection on (010). Bond-lengths 
and -angles are given in Table 1. The mean probable 
error of the atomic co-ordinates, calculated with 
Luzzati’s method’, is 0-06 A. Owing to the differences 
in weight of the atoms it is reasonable to assume that 
the error in the bond-lengths of the heavy atoms is 
0-04 A., and of the light atoms is 0-15 A. 

The molecular configuration is shown in Fig. 1. 
The silver atoms are linked by two —SCN— groups 
forming 8-membered quasi-planar rings. This type 
of bridging of two metal atoms by two —SCN— 
groups has been found previously in two complexes 
of cadmium®?*, and in the platinum compound 
(Pt,(SCN),Cl,(PPr5").] (ref. 11). The planar units 
ere linked by Ag—S bonds, forming an endless chain 
arranged along the X-axis as shown in Fig. 1. Altern- 
atively the structural arrangement can be described 
as zigzag . .. —Ag—SCN—Ag—SCN—... polymeric 
chains bound in couples by Ag—S cross-linking. The 
steric arrangement of the ligands about the silver 
atom is that of a very distorted tetrahedron. The 
Ag—P bond is of normal length (2-52 A.), but the 
Ag—S bond-length is considerably greater (2-74— 
279 A.) than the distance of 2-43 A. reported in 
silver thiocyanate®. 

There are two possible causes of the ionic cheracter 
of the Ag—S bonds, and their relative importance 
cannot at present be decided. The first is the possible 
conjugation of the x electrons of the —SCN— 
group with the o electrons of the Ag—S bond. The 
second is the electro-neutrality requirement on the 
silver atom. The former effect is probably more 
important in [Pt,(SCN),Cl,(PPr,”).], where the 
length of the Pt—S bonds (2-44 A.) is greater than 
expected for a Pt—SCN bond (2-27-2-30 A.)". In 
the present case the ionic character of the Ag—S 
bond is presumably attributable to the effect of 
charge distribution. In this respect the apparent 
absence of double-bonding character of the Ag—P 
bond becomes significant, indicating that negative 
charge has not been transferred from filled d orbitals 
of the silver to empty orbitals of the phosphorus atom. 
The different situation of the —SCN— group is 
consistent with the shift of the —-CN— stretching 
frequency from 2,150 em.-! observed for AgSCN (ref. 
12) to 2.090 em.-! found in the present case". 

_A full account of this work will be given after 
— refinement of the structure has been com- 
pleted. 
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BIOCHEMISTRY 


Synthesis and Biological Properties of 
L-Arginyl-.-Prolyl-L-Proly!-GlycyI-L- 
PhenylalanyI-L-Seryl-_-PhenylalanyI-L- 
Arginine, an Octapeptide related to 
Bradykinin 

A STRUCTURE has recently been proposed! fox 
bradykinin, a plasma peptide obtained from or 
blood. The isolation, purification and amino-acid 
composition of this substance were reported earlier 
by the same workers*. The apparent importance of 
this peptide and its small size have prompted us to 
undertake its synthesis and a more detailed study of 
its biological action. Our first preparation of this 
octapeptide showed little bradykinin-like activity 
in several biological tests. While our synthesis and 
biological work were therefore being rechecked, 
workers’, in two other laboratories reported the 
synthesis of this peptide and its lack of expected 
activity on the guinea pig’s ileum. In the present 
communication we describe its synthesis and bio- 
logical examination, which confirm and extend this 
recently published work. 

The synthetic approach adopted made extensive 
use of the p-nitrophenyl ester method of peptide 
synthesis’, which has recently proved itself in a 
synthesis of oxytocin*. N-Carbobenzoxy-L-phenyl- 
alanine-p-nitrophenyl ester was condensed with 
nitro-L-arginine methyl ester, giving the dipeptide 
in 95 per cent yield, m.p. 154-155° (reported? m.p. 
160—161°). 

N -Carbobenzoxy -L-phenylalany] -nitro -L-arginine 
methyl ester was treated with hydrogen bromide in 
acetic acid, giving the dipeptide ester hydrobromide, 
m.p. 169-171°. Found : C, 41-55 ; H, 5-42 ; N, 18-00. 
Cale. for C,,H,,N,O;Br: C, 41:47; H, 5-44; N, 
18-14. The dipeptide was allowed to react with 
N-CBZ-t-seryl azide, which yielded N-CBZ-.-Ser-.- 
Phe-NO,-t-Arg methyl ester as colourless needles, 
m.p. 180-181°, [«]> — 30-2° (c 2, methanol). Found : 
C, 54:14; H, 5-88; N, 16-31. Cale. for C,,H;,N,0, : 
C, 53-90; H, 5-86; N, 16-29. After removal of the 
carbobenzoxy group with hydrogen bromide in 
acetic acid, the tripeptide ester was condensed with 
N-CBZ-.t-phenylalanine-p-nitropheny] ester, giving an 
87 per cent yield of the crystalline tetrapeptide, 
m.p. 159-161°, [aJ> — 23-8° (c 2, methanol). Found : 
C, 57-53; H, 6-17; N, 14-75. Cale. for CsgH44Ns,O 10: 
C, 57-84; H, 5-92; N, 14-96. Treatment with 
hydrogen bromide in acetic acid removed the amine 
protection and the resulting tetrapeptide ester and 
N-CBZ-glycyl-p-nitropheny! ester gave small colour- 
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less needles of N-CBZ-Gly-L-Phe-t-Ser-Lt-Phe-NO,- 
L-Arg methy] ester in 83 per cent yield, m.p. 180—-181° 
(a different sample melted at 165—166° with identical 
rotation and analysis), [«]> — 13-7° (c 2, dimethyl- 
formamide). Found: C, 56-62; H, 5-97; N, 15-20. 
Cale. for C,,H,,N,O,,: C, 56-63 ; H, 5-88; N, 15-64. 
Removal of the carbobenzoxy group was again 
accomplished with hydrogen bromide in acetic acid, 
the hydrogen bromide removed from the peptide 
with ‘JRA-410 (OH-)’ resin and subsequent reaction 
with N-CBZ-t-proline-p-nitrophenyl ester gave N- 
CBZ-.t-Pro-Gly-L-Phe-t-Ser-L-Phe-NO,-L-Arg methyl 
ester as microneedles, m.p. 175—176°, [a] — 31° 
(c 1, dimethylformamide). Found: C, 57°31; H, 
6°27; N, 15-11. Cale. for C,,H,,.N,,0,.: C, 57-18; 
H, 6-02; N, 15-51. The heptapeptide N-CBZ-t- 
Pro-t-Pro-Gly-L-Phe-t-Ser-Lt-Phe-NO,-t-Arg methyl 
ester was prepared in the same manner as the hexa- 
peptide and it was found to be rather low melting 
(125-130°), which was attributed to the two proline 
residues. The protected heptapeptide was obtained 
as colourless rosettes from methanol, [a]> — 35-2° 
(ec 1, dimethylformamide). Found: C, 57-31; H, 
6-16; N, 15-10. Cale. for C,,H,,N,,0,,: C, 57-63; 
H, 6-14; N, 15-40. Reaction of the decarbobenz- 
oxylated heptapeptide (hydrogen bromide in acetic) 
with the p-nitrophenyl ester of tricarbobenzoxy-t- 
arginine® (m.p. 126-127°). Found: C, 62-02; H, 
5-20; N, 10-25. Cale. for C,,H,,N,0,,.: C, 61-97; 
H, 5-06; N, 10-04) zave the fully protected octa- 
peptide, m.p. 130-135°, [a] — 32-4° (ce 1, dimethyl- 
formamide). Found : C, 58-72; H, 6-08; N, 14-47. 
Calc. for C,oH,;N,,0,,: C, 59:02; H, 6-16; N, 
14-75. Hydrolysis of the methyl ester and one carbo- 
benzoxy group with 1N sodium hydroxide in 
methanol followed by hydrogenation in acetic acid 
methanol using palladium black catalyst gave the 
triacetate salt of L-Arg-L-Pro-L-Pro-Gly-L-Phe-1-Ser- 
L-Phe-t-Arg. Found: C, 50-86; H, 7-31; N, 16-91. 
Cale. for C,,H,,N,,0,..3H,O: C, 51-16; H, 7-07; 
N, 16-38. Titration with perchloric acid in acetic 
acid gave an equivalent weight of 401, which is in 
agreement with a molecular weight of 1,197. Paper 
chromatography of the octapeptide using two different 
solvent systems (isopropyl alcohol : ammonia : water ; 
tert-butyl aleohol : acetic acid : water) gave Rr values 
of 0-26 and 0-43 respectively with no impurities 
being indicated (Sakaguchi and bromphenol blue ; 
the ninhydrin test was negative). 

The synthetic octapeptide was compared with 
partially purified bradykinin, prepared by the 
action of crystalline trypsin on heated beef globulin, 
standardized against pure bradykinin obtained 
from similar starting materials*. The synthetic 
peptide (133 ugm./ml.) did not cause contraction of 
the guinea pig’s ileum in vitro; but in its presence 
bradykinin was slightly potentiated. Like brady- 
kinin®, the peptide relaxed rat’s duodenum in vitro, 
but its potency was very roughly 1/6,000 that of 
pure bradykinin. Unlike bradykinin”, the peptide 
(4-16 mgm./kgm.) did not cause broncho-constriction 
in guinea pigs in vivo, but it slightly potentiated this 
effect of bradykinin. Like bradykinin", intra- 


dermal doses of the peptide increased the permeability 
of the skin capillaries of guinea pigs blued with 
pontamine blue 6BX. Its potency was about 1/1,000 
that of pure bradykinin. 

When given in high doses to four biological prepara- 
L-Arg-L-Pro-L-Pro-Gly-L-Phe-t-Ser-L-Phe-t- 


tions, 
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Arg. failed to show two biological properties of 
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bradykinin, and showed another two very weakly, 
We wish to thank Dr. D. F. Elliott, Dr. G. P. 
Lewis and Dr. E. W. Horton for a specimen of pure 
bradykinin and Dr. I. M. Lockhart and Mr. W. 4 
Jones for supplies of partially purified bradykinin. 
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Homotransplant Antigens : Preparation 
of Active Cellular Fractions 


WE have reported recently a method for the 
measurement of the antigenicity of whole splenic 
cells using highly inbred strains of mice in a homo- 
transplant system'. Using this method of assay, 
we have tested fractions of mouse splenic cells for 
antigenic activity. Below are described the prepara- 
tion and properties of tissue fractions active as anti: 
gens in a homotransplant system. Other methods 
of preparation of antigenic fractions from tissues 
have been described by Billingham, Brent and 
Medawar*, by Berrian and Brent*, by Ha&kova and 
HrubeSova‘, by Castermans and Oth‘, and Lejeune- 
Ledant and Albert’. 

A plunger-type homogenizer, similar to om 
described by Philpot and Stanier, was used’. It 
consists of accurately drawn heavy-walled glass 
tubing 10 in. long and | in. internal diameter (Fischer 
and Porter Co., Hatboro, Penn.) and two stainles 
steel plungers with clearances of 0-0015 and 0 0005 in 
A centrifuge, maintained in a cold room at 3-5 C.. 
and capable of 20,000g acceleration, was employed 
for sedimentation. A ‘Vir-tis’ (Mod. 23) homogenizer 
was used for high-speed blending. C57/Bl 6 male 
mice, weighing 20 gm. or more, were the recipients 
and C3H or A/He male mice weighing 20 gm. 
more, were the donors (obtained from the Roscoe B 
Jackson Memorial Laboratories, Bar Harbor, Maine 
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All preparative steps were carried out at 3—5° C. 
Mice of donor strains (C3H or A/He) were killed by 
cervical luxation. The spleens were excised, chilled 
in cold 0-15 M saline and processed without delay. 
Groups of 3 or 4 spleens, placed upon a piece of 
40-mesh stainless steel screen which was supported 
on a funnel, were sliced longitudinally, and the pulps 
were pressed gently through the screen by means 
of a flat spatula. A fine stream of cold balanced 
salt solution was directed intermittently on to the 
tissue in order to wash cells from the screen and the 
funnel. Calcium ion concentration was kept at 
00015 1M; in its absence agglutination occurred. 
The suspended cells were drawn gently back and 
forth through a pipette with a wide orifice, and were 
diluted to a volume of 10-20 ml. per spleen (cell 
concentrations of 20 to 10 x 10® cells/ml.). After 
sianding about 10 min., the cell suspension was 
separated from the larger clumps by decanting into 
a beaker. Aliquots (1 ml.) of the cell suspension were 
removed after thorough mixing and diluted with 
3 per cent acetic acid, and cell counts were performed 
ina hemacytometer. 

The decanted cell suspension was then sedimented 
at 4,000g for 10 mim. The supernatant solution was 
discarded. The packed cells were resuspended 
gently, using the plunger with the 0-0015-in. clear- 
ance; the suspending medium (2—5 ml. per spleen) 
was buffered saline (0-13 M sodium chloride and 
0-01 M phosphate, ‘0-15 M’, pH 7-2-7-3; calcium 
was absent). Some cell agglutination usually 
occurred. After sedimentation at 4,000g for 10 min. 
the supernate was decanted and examined micro- 
scopically for cells. No cells were found, and 
the supernate was sedimented at 20,000g for 
30 min. 

The sediment recovered after 4,000g centrifugation 
was recycled four times, using the above sequence of 
steps with the following modifications : homogeniza- 
tion was effected (rather than resuspension) by 
vigorous use of the plunger with 0-0005-in. clearance 
(but production of foam was avoided), and the 
suspending media (2-5 ml. per spleen), each used 
twice in succession, were buffered saline diluted with 
one and four volumes of water (‘0-075 M’ and 
‘0-03 M° saline respectively). As above, all super- 
nates were reserved for subsequent 20,000g centri- 
tugation. 

The sediment obtained after the last homogeniza- 

tion in 0-03 M buffered saline was swirled gently in 
0-015 M saline (about 1 ml. per spleen) in order to 
lower the ionic strength of the residual saline solution 
in the sediment without gelling the nucleoprotein. 
The suspension was then sedimented at 4,000g, 
and the sediment was dispersed by high-speed blend- 
ing in distilled water (2-3 ml. per spleen). An 
mitial increase of viscosity was evident in about 
30 see., followed by a rapid decrease. After about 
2 min. blending, the solution had a low viscosity. 
The sediment obtained after centrifugation at 4,000g 
was discarded. This supernate, like the others, was 
opalescent, and was centrifuged at 20,0009. 
_ Centrifugation of the supernates at 20,000g for 
30 min. resulted in recovery of a small amount of 
greenish-tan sediment. Although the supernatant 
‘olutions were clear, protein could be precipitated 
all by lowering the pH to 5 with 0-1 N acetic 
acid, 

The greenish-tan sediments recovered after 20,0009 
Were resuspended in isotonic saline, either separately 
‘t admixed, and these were assayed for antigenic 
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activity. The volumes of these suspensions were 
adjusted so that 1 ml. contained the greenish-tan 
sediment extracted from 50 x 10° cells (hereafter 
referred to as the ‘test sediment’). 

In our test system the test sediment was injected 
intraperitoneally in 2 ml. of 0-15 M saline. Four days 
later a 1-cm.? full thickness test skin graft, freed 
of all panniculus, was placed on the intact panniculus 
carnosus of the recipient strain. The test grafts were 
excised on the sixth day and were examined histo- 
logically. The percentages of surviving epithelium 
were scored as 0, 10, 25, 50, 75, 90 and 100 per cent, 
and these values were converted to integers 0-6 
resp2ctively for statistical convenience’. 


Table 1. COMPARISON OF ANTIGENIC ACTIVITY OF FRACTIONATED 
MOUSE SPLEEN CELLS DETERMINED BY SCORES OF TEST SKIN 
HOMOGRAFTS 
Test sediment from Score* 

0°15 M fraction 3, 2 
0-075 M fraction 4, 
0-03 M fraction 4, 
Water dispersed 5, 
Control 6, 





* Maximum antigenicity is indicated by the figure 0. 
t Statistically distinguishable from control on P = 0-05 level or 
better (Student ‘t’ test). 


The antigenic activity of the test sediments from 
one experiment are shown in Table 1. When con- 
siderable antigenic activity was recovered from the 
0-15 M and 0-075 M saline fractions, antigenic 
activity in the 0-03 M saline fraction and the water- 
dispersed fraction was cither feeble or absent. This 
distribution of antigenicity among the fractions 
appears to reflect the vigour with which the homo- 
genizer was used to disrupt cells. In other experi- 
ments, when homogenization was less vigorous, 
there was a more even distribution of antigenicity 
among the fractions. However, when high-speed 
mechanical blending was substituted for manual 
homogenization, there was a diminution of observed 
antigenic activities. The precipitate obtained by 
addition of acetic acid to the supernates decanted 
from the test sediments was inactive in our test 
Svstem. 

The test sediments retained activity after suspen- 
sion in 2 M sodium chloride. Appreciable activity 
remained after rapid freezing to ‘dry ice’/acetone 
temperatures, followed by rapid thawing in a 37° C. 
water bath. Activity was greatly reduced by suspen- 
sion in acetate buffered saline, pH 5, for about 10 min. 
The test sediments became inactive after storage 
overnight at 3° C. in either distilled water or in 
cold balanced salt solution. 

The test sediments were not appreciably soluble in 
acid solution (up to 18 N sulphuric acid), in buffered 
saline, in 2 M sodium chloride, or in distilled water 
but were dissolved by 0-01 N sodium hydroxide and 
by 6 M urea. 

The test sediments gave a strong biuret reaction 
for protein and contained 5-10 per cent of nitrogen 
by micro-Kjeldahl (dry-weight basis). Alcohol/ether 
extracts of the sediments contained approximately 
1-2 mgm. of chromate-oxidizable material (lipid) 
per 200-400 pgm. of nitrogen® and the residue after 
extraction contained up to 100 ugm. deoxyribonucleic 


acid per 200-400 ugm. nitrogen. Hexosamine, 
N-acetyl-hexosamine, reducing sugars and_ ribo- 


nucleic acid were detectable in small smounts. 

We wish to acknowledge the technical essistance 
of Gertrude Lustig, Edwina Czajkowski and Frances 
Hall. This work was supported by a grant from the 


U.S. Public Health Servic2 (H-1771) and contracts 
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Biochem. 


The Plasma Proteins in Normal Urine 


THE first electrophoretic study of the proteins in 
concentrated normal urine was published in 1951 
by Rigas and Heller'. With the aid of the moving- 
boundary technique, they demonstrated components 
with mobilities corresponding to those of the main 
protein fractions in serum. The albumin/globulin 
ratio was, however, reversed, and there was a poor 
separation in the globulin range. Other investiga- 
tors, using moving-boundary or paper electrophoresis, 
have reported similar results. I have recently 
subjected the high molecular substances of normal 
urme to preparative zone electrophoresis*. It was 
found that all urine protein fractions, including the 
albumin, contained large amounts of carbohydrexe, 
thus differing in composition from the correspond- 
ing plasma fractions. Electrophoretic fractionation, 
therefore, does not give satisfactory information as 
to the types and amounts of plasma proteins present 
in normal urine. Immunochemical methods offer 
better possibilities for identifying individual plasma 
proteins in urine. Work on the excretion of plasma 
proteins in normal human urine by immuno-electro- 
phoresis has been published by Grant*, Patte et al., 
and others. The excretion of about eight different 
plasma proteins hes been demonstrated. 

The present work was undertaken in order to 
identify as many as possible of the plasma proteins 
excreted in the urines from healthy individuals, and 
to find out whether immunochemicel differences 
occurred between the urine proteins and the corre- 
sponding plasma proteins. 

Specimens of filtered 24-hr. urine from 6 male 
and 6 female healthy students and laboratory workers 
were concentrated 1,000—-1,500 
times, using low-pressure ultra- 
filtration. In some experiments, 
pooled male urine was also used. 
The ultrafiltration technique was 
tested with diluted sera. It was 
found to give good recoveries of 
total protein and recoveries of 
individual proteins without other 
signs of denaturation apart from 
alterations of the _lipo- 
proteins. The methods used were 
immuno-electrophoresis, applying 
the microtechnique of Scheideg- 


some 
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ger®, and the double diffusion-in-gel technique of 
Ouchterlony*. Highly purified plasma proteins (ob. 
tained as a gift from Prof. H. E. Schultze, Behring. 
werke A.G., Marburg/L.) were used as reference sub. 
stances. A sample of the $ , 4-globulin, recently isolated 
by Miiller-Eberhard et al.?, was kindly supplied by 
these workers. Most of the experiments were per. 
formed with rabbit antisera (Behringwerke AG. 
Marburg/L.) against total human serum and against 
purified plasma proteins. In some experiments an 
anti-total-human-serum mule serum (a gift from Prof. 
P. Grabar, Institut Pasteur, Paris) was also used. 
In most instances, eleven to thirteen different 
plasma proteins were found in the pooled wrines es 
well as in the individual urines. Fig. 1 shows the 
result of an immuno-electrophoretic experiment with 
concentrated pooled normal urine and anti-total- 
human-serum rabbit serum. The electrophoresis was 
performed et pH 8-2. Twelve or thirteen precipita- 
tion lines can be distinguished, probably representing 
the same number of plasma proteins. This urine 
also contained the pre-albumin of Schulize* and 
fibrinogen, as shown by specific antisera against these 
proteins, and thus in total about fourteen or fifteen 
plesma proteins. : 
Individual plasma proteins were identified by 
immuno-electrophoresis, using specific antisera against 
purified plasma proteins and anti-totel-human-serum 
sera adsorbed with purified proteins, and by the 
Ouchterlony technique, using specific antisera against 
purified plasma proteins, By these methods it was 
possible to demonstrate with certainty the presence 
of the following plasma proteins in the urines of most 
of the 12 individuals ; the pre-albumin of Schultze, 
albumin, «,-seromucoid, haptoglobin, ceruloplasmin, 
transferrin, the 8,4-globulin and y-globulin. The 
following plasma proteins were further indicated 
immuno-electrophoretically : two or three «,-globu 
lins, in some cases one additional «,-globulin, regu: 
larly one more 8,-globulin and a precipitation lin 
with the same shape and electrophoretic mobility 
as the 8, 4-globulin in plasma. Fibrinogen was found 
in pooled urine and in ten of the individual urines, & 
revealed by an anti-fibrinogen serum. Ceruloplasmin, 
the 8,4-globulin and fibrinogen do not seem to have 
been identified earlier in normal urine. Patte et al 
state that transferrin is the only 6,-globulin present 
in normal urine. With the present technique, it was 
possible to demonstrate three 8,-globulins in most « 
the normal urines. Two of them were identified 4 
transferrin and 8,4-globulin. The urine albumm 
usually showed 2a somewhat higher electrophoret 
mobility than serum albumin in the immuno-electt 
phoretic experiments, which were carried out ! 
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pH 8-2. The same observation was made by Patt 
et al.* in pathological proteinurias, but not wl! 
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not clear. Experiments with specific antisera against 
x, and §-lipoproteins seem to indicate that these 
proteins are absent in normal urine. This is in accord 
with results of earlier investigators. Ouchterlony 
tests With a specific antiserum egeinst «,-macro- 
globulin indicated the presence of traces of this 
protein in the urines of some of the individuals. 

By the use of the Ouchterlony technique and 
specific antisera against purified proteins, urine was 
found to contain proteins giving reactions of identity 
with the plasma proteins pre-albumin, albumin, 
ceruloplasmin, transferrin, and y-globulin. Proteins 
giving reactions of partial identity with plasma 
globulin seemed also to be present in urine. 

A detailed report of this investigation will be 
published elsewhere. 


No. 4739 


I. BeracArp 


Institute of Medical Chemistry, 
University of Uppsala. 
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Steroid 113-ol Dehydrogenase in Human 
Placenta 


In the course of work on steroid metabolism in 
pregnancy, we have observed that adrenal steroids 
with 11$-ol structure are transformed into 11-keto 
compounds in homogenates of the human placenta at 
term. The action and properties of the corresponding 
enzyme have been investigated. 

The homogenates were prepared as_ follows: 
5 gm. of wet placenta were ground in an all-glass 
Potter mill and suspended in 25 ml. of 0-13 M 
sodium chloride buffered to pH 7-4 with 0-02 N 
phosphate. 

The activity of the enzyme was measured by 
estimating the percentage of 11l-keto compound 
formed under standard conditions : 1 ugm. of steroid 
per 1 gm. of placenta (5 ml. of the homogenate), 
incubated for 30 min. at 37° C., while shaking in a 
stream of oxygen. 

Tritium-labelled steroids were used throughout. 
The specifie activities of cortisol-1,2-3H, of corti- 
costerone-1,2-7H, and of androst-4-ene-118-ol-3,17- 
dione, were respectively 835 me./m.mole, 412 mce./ 
mmole and 827 me./m.mole. Dichloromethane 
extracts of the homogenates were chromatographed 
on filter paper using the Bush system C and/or B12. 
The radioactivity on the chromatograms was detected 
and measured in a windowless flow scanner’. 

The membranes (chorion) are a particularly rich 
source of the enzyme, which appears strongly bound 
to connective tissue. In homogenates lysed with 
0-2 per cent ‘Triton’, only 30 per cent of the activity 
remained in the supernatant after centrifuging for 
30 min. at 30,000 r.p.m. 

The activity in the supernatant could be precipi- 
tated in the cold with neutral ammonium sulphate 
at half saturation. Precipitation at room tempera- 
ture and precipitation with non-neutral ammonium 
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Table 1 
| No. Steroid Conditions % con- 
| version 
1. | Cortisol Supernatant with 0-2% ‘Triton’ 0 
2. 7 - 0-24M DPN added 11 
3. - » 0-2 «uM TPN added 33 
4. a As No. 3, 10-* M mercuric chloride 0 
5 As No. 3, 100 «gm. of cortisone 38 
(reaction product) added 
6. ” As No. 3, pH 6-01 32 
| 7. a | As No. 3, pH 7-01 53 
gt a As No. 3, pH 8-03 66 
| 9. 9 As No. 3, pH 9:1 ! 65 
10. Cortisone 0-2 4M of TPN and 0-1 mM of 7 


glucose-6-phosphate added. Per- 
centage conversion calculated for 
inverse reaction. 


ll. Corti- 0-2 «uM of DPN added 19 
costerone 

12. 9° 0-2 «M of TPN added 51 

13. Androst-4- 0-2 uM of DPN added 17 


ene-11,-ol- 
3, 17-dione | 
14. “ 0-2 uM of TPN added 36 





nucleotide; TPN,  triphosphopyridine 
nucleotide. 


DPN, diphosphopyridine 
sulphate both inactivated the enzyme. The activity 
also disappeared after freezing the tissues. 

The activity of all fractions was suppressed by 
dialysis for 24 hr. against saline. The activity could 
be restored by the addition of triphosphopyridine 
nucleotide. Diphosphopyridine nucleotide also 
restored the activity, but to a lesser degree. 

In the presence of a triphosphopyridine nucleotide- 
reducing enzyme system (glucose-6-phosphate de- 
hydrogenase) the keto compounds are reduced to the 
118-ol form, indicating the reversibility of action of 
steroid dehydrogenase. 

The enzyme activity shows a broad maximum 
between pH 8 and pH 9. 

The results are summarized in Table 1. Percentage 
conversion has been calculated as keto form/(keto 
form + hydroxy form) 100. 

Finally, it should be pointed out that the 116-ol 
dehydrogenase of human placenta has a low substrate 
specificity since it transforms both C 19 steroids and 
C 21 steroids with or without a 17-hydroxy group 
in the side-chain. 

The physiological role of the enzyme is uncertain. 
The conversion of 1ll-hydroxy group to 11-keto 
group is a well-known pathway of extra-hepatic 
steroid metabolism in the animal and in man‘-’. 

The placenta enzyme may be part of the regulatory 
mechanism of the foetal-maternal endocrine relations. 
Its presence in the placenta and in the membranes 
explains the origins of cortisone in normal human 
amniotic fluid’. 

The technical assistance of Mrs. M. R. Lacroix and 
Miss Y. Sonnet is gratefully acknowledged. The 
placenta were kindly supplied by Prof. Schockaert 
and Prof. Renaer from the Department of Obstetrics 
and Gynaecology. 
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Institut Interuniv. des Sciences Nucléaires, 
H6épital St. Pierre, Louvain. 


OSINSKI 


1 Osinki, P., and Vanderhaeghe, H., Rec. Trav. Chim. Pays-Bas, 79, 
216 (1960). 

2 Bush, I. E., Biochem. J., 50, 370 (1952). 

3 Osinki, P., J. App. Rad. and Isotopes, 7, 306 (1960). 

‘ Ganis, F. H., Axelrod, L. R., and Miller, L. L., J. Biol. Chem. 218, 
841 (1956). 


5’ Hubener, H. J., Fukushima, D. K., and Gallagher, T. F., J. Biol- 


Chem., 220, 499 (1956). 

* Grosser, B. I., Berliner, D. L., and Dougherty, T. F., Fed. Proc., 18, 
61 (1959). 

7 Bojesen, E., and Egense J., Acta Endocrin., 33, 347 (1960). 

* Baird, C. W., 


and Bush, [. E., Acta Endocrin., 34, 97 (1960). 


778 


Free Amino-Acids of the Tsetse Fly (Glossina) 
Ir was discovered some years ago that there is a 
substantial decrease in the residual (non-fatty) dry 
weight of the head and thorax of tsetse flies in the 
course of starvation’. Subsequent analysis of flies 
(Glossina swynnertoni Aust.) collected in the field at 
different stages of the hunger cycle showed that the 
thoracic residual dry weight decreases by as much as 
0-25 mgm. towards the end of the hunger cycle (un- 
published work). The findings suggest the existence 
of a non-fatty food reserve, and since neither glycogen 
nor reducing sugars could be demonstrated in amounts 
sufficient to account for these changes in weight, a 
study of the free amino-acids was undertaken in an 
attempt to identify the substances responsible. 

Amino-acids were extracted in water after precipita- 
tion of proteins with ethanol ; to avoid contamination 
with products of digestion in the gut only the head 
and thorax were used. The extract was evaporated to 
dryness and taken up in 10 per cent propanol. 
Amounts corresponding to 1/20 of a tsetse thorax 
were spotted on Whatman No. 4 filter paper for two- 
dimensional development with water-saturated phenol 
and with 77 per cent ethanol at 23° C. 

Fig 1A shows the free amino-acids of a well-fed 
G. morsitans Westw. captured in the field ; those of 
a similar fly starved to death at high relative humidity 
are shown in Fig. 1B. The chromatogram of the 
well-fed fly is dominated by an intense alanine spot ; 
glutamic acid also occurs in substantial concentration, 
with arginine, taurine and serine present in smaller 
amounts, and glutamine and aspartic acid just 
detectable. The chromatogram of the starved fly 
shows a striking decrease in general ninhydrin 
positivity ; a small amount of ornithine has appeared 
during starvation, the concentration of taurine and 
serine is about the same, but the alanine, glutamic 
acid, glutamine and aspartic acid spots have all but 
disappeared, and the intensity of the arginine spot is 
reduced. 

Preliminary estimates of the amino-acid contents, 
using Naftalin’s colorimetric technique’, have shown 
that the disappearance of the alanine spot alone 
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represents a loss of between 0-1 and 0-2 mgm. Ip 
other words, the decrease in ninhydrin positivity js 
quantitatively commensurate with the recorded 
decrease in residual dry weight, and there can be 
little doubt that some of the free amino-acids of the 
thorax of the tsetse do indeed constitute an expend. 
able reserve of food. Viewed in this light it may 
not be without significance that the de-amination 
products of the substances concerned (alanine. 
glutamic acid, glutamine and aspartic acid) are al] 
members of the citric acid cycle. 

A comparison has been made between the amino. 
acid patterns of fed and starved individuals of a few 
other insects (Musca sp., Lucilia sp. and Apis melli. 
fera). In all of them there is some change in the 
relative concentration of different amino-acids during 
starvation, but none shows the striking decrease in 
ninhydrin positivity which characterizes the tsetse 
fly. Other blood-sucking insects are at present under 
investigation, and details of quantitative and com. 
parative results will be published elsewhere. 

I am indebted to the Wellcome Trust for a grant 
towards equipment used in the present investigation. 

E. BurRset. 
Department of Zoology, 
University College of Rhodesia and Nyasaland, 
Salisbury. 
* Bursell, E., in Ann. Rep. East Afr., Trypanosomiasis Res. Org., 
Nairobi (1957). 
* Naftalin, L., Nature, 161, 763 (1948). 


Sialoadenectomy and the Distribution of 
Thyrotrophin labelled with lodium-!3! 


PREVIOUS reports from these laboratories' have 
indicated the thyroid response to _ thyrotrophic 
hormone, as measured by uptake of phosphorus-32 
(ref. 3), to be increased in sialoadenectomized animals 
when compared with intact controls. Hypophy- 
sectomy and hypophysectomy plus sialoadenectomy 
gave identical results as regards iodine trapping by 
rat thyroid, but the ratio of thyroid organic iodine- 
131 to inorganic jodine-131 indicated that sialoaden- 


ectomy reduced the synthesis of 


organically bound iodine-131 (ref. 
4). To date, our observations have 
indicated some change in the modus 
operandi of thyrotrophic hormone 
in animals whose salivary glands 
have been removed. To obtain 
further information regarding the 
role of thyrotrophic hormone in 
sialex animals, it was decided to 
investigate the distribution of lab- 


elled hormone therein. 
< Animal care, feeding, size ané 
preparation were the same as pre 
viously described?. The thyro- 
trophic hormone, given by Dr. 5 
+A PY Steelman of the Armour Labora- 
tories, was labelled with iodine-131 
by conventional methods’ with onl 
‘ ee a! 
; : minor changes. Carrier iodine-12 
Fig. 1. The free amino-acids of the thorax of fed (A) and : g 5 a. , he fins 
@ starved (B) Glossina morsitans. The extract was applied in Was kept minimal so that the . 
the lower left hand corner ( +) ; after development in water- iodine to thvyrot rophic hormone 
® @) saturated phenol and in 77 per cent ethanol the chromato- " 1 Ths, lid homssed 1: 100 
grams were sprayed with 0-25 per cent ninhydrin in acetone molecular ratio did notexceed tf: 
© and heated to 85° C. for 5 min. 1, alanine, 2, glutamic acid. Under the conditions employed, the 
@® 3, arginine, 4, taurine, 5, glutamine, 6, serine, 7, aspartic acid, . : : 1 > (23 per 
® 8, ornithine radiochemical yield was low (20 pe 
cent) but a high specific activi! 
was obtained. After dialysis, ™ 
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Fig. 1. Distribution of iodine-131 activity following intraperitoneal 
injection of 5-8 ue./5 agm. thyrotrophic hormone labelled with 
iodine-131 to adult male mice. Average results of five animals per 
group. C, intact animals; SX, sialoadenectomized animals. 
remove free iodide, thyrotrophic hormone content 
as protein was determined spectrophotometrically 
by measuring optical density at 280 my and comparing 
with previously calibrated solutions of the original 
non-labelled thyrotrophic hormone preparation. 
Radio purity, determined by paper chromatography, 
was estimated at 98-2 per cent. Bioassay*® of the 
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Fig. 2 Distribution of thyrotrophic hormone labelled with iodine- 
31 in adrenal, brain and thyroid of normal and sialex mice 
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labelled thyrotrophic hormone compared most favour- 
ably with the original unlabelled hormone, indicating 
no detectable destruction due to the iodination 
procedure. The final labelled preparation was diluted 
with non-radioactive thyrotrophic hormone so that 
5-8 uc. of radioactivity corresponded to 5 ugm. of 
hormone in 0-5 ml. of solution. 

The thyrotrophic hormone labelled with iodine-131 
was administered to adult male mice, intraperiton- 
eally, 5-8 uc. per 5 ugm. per 0-5 ml. Samples of 5 
intact animals and 5 sialex animals were taken for 
analysis at 1, 2, 4 and 24 hr. after injection. Tissue 
samples, washed free of blood, were homogenized 
with cold water (1: 10) and the proteins precipitated 
with 1 vol. of cold 20 per cent trichloracetic acid. 
The precipitated proteins were centrifuged, washed 
with water, alcohol and ether, then resuspended in 
3 ml. of saline. The radioactivity of the protein 
suspensions was measured in a deep-well scintillation 
counter. The counting was pre-set to give a statistical 
error no greater than 1 per cent. The protein content 
of each sample was estimated from the nitrogen 
content, which was measured by a micro-Kjeldahl 
procedure. All results are expressed here as counts 
per minute per mgm. of tissue protein. 

The results, indicated in Figs. 1 and 2, show that 
all the tissues of the sialex mice retained the labelled 
thyrotrophic hormone (or its degradation products) 
in higher concentretiors than did the intect contro] 
animals. After 24 hr., the thyroids of the sialex mice 
concentrated activity from the thyrotrophic hormone 
2-00 times more than did the intact controls, adrenal 
5-20, kidney 3-12, heart 3-00, lung 2-73, spleen 
2-69, thymus 2-50, liver 2-04, skeletal muscle 1-72, 
testes 1-69 and brain 1-67. The concentration of 
activity in the thyroids of both sets of animals 
exceeded the concentration of all other tissues by 
factors of at leest 9-3 and 7-4 for sialex and intact, 
respectively. These different tissue concentrations, 
we feel, can only reflect some prefound changes in the 
metabolism of, and the hormone response by, the 
sialex host. 

The activity appearing in the thyroid is especially 
interesting, it being the target tissue for thyrotrophic 
hormone. The very high concentration of labelled 
thyrotrophic hormone in the sialex animals recalls at 
once our previous observations! regerding the effects 
of thyrotrophic hormone in these animals. This 
high upteke in the thyroid is peculiar to labelled 
hormone since we have not observed any extra- 
ordinary upteke when either beef albumin or human 
albumin labelled with iodine-131 was administered. 
Decomposition of iodine-131 labelled protein has been 
shown to be 2. slow process* and should be of little 
importence in this short-term experiment. We 
would like to recall the observetions of Beker and 
Abrams’, which indicated a salivary gland—pituitary 
relationship to exist. They showed that hypophysec- 
tomy resulted in atrophy of the salivary glands and 
also depressed the enzyme-secreting capacity of 
zymogenic cells. It is quite probable that sialoaden- 
ectomy decreases enzymatic degradation of thyrotro- 
phic hormone, especially in the thyroid as well as in 
other tissues as the present results seem to indicate. 
Work by these authors reveals that sialex animals 
absorb labelled proteins and fets less rapidly than do 
intact controls, the decreased sbsorption being releted 
to depressed enzyme activities. On the basis of these 
observetions, our present interpretation is thet 
sialoedenectomy impairs the proteolytic activity of 
ell tissues, especially the thyroid wherein specific 
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proteolytic enzymes exist and which degrade thyro- 
trophic hormone. The rate of degradation of thyro- 
trophic hormone would contribute to regulating the 
rate, and particularly the duration, of action of the 
hormone. The reduced proteolysis of thyrotrophic 
hormone in the sialoadeneciomized animal results in 
an extended duration of action. This permits a 
more pronounced uptake of phosphorus-32, which is 
due to an increased permeability effect and other 
phenomena associated with the mechanism of action 
of the thyrotrophic hormone. Direct measurements 
of proteolysis in the thyroid of control and sialex 
animals are needed to confirm this hypothesis. 

We wish to acknowledge the technical assistance 
of Mrs. Nancy Fogel and Robert Sherman. 

This work was sponsored in part by a grant from 
the Office of Naval Research and the English Fund 
of the Hahnemann Medical College. 


ARTHUR W. WASE 
Yu SHenG Louise FENG 


Division of Biological Chemistry, 
Hahnemann Medical College, 
Philadelphia, Pennsylvania. 
* Wase, A. W., and Feng, L., Nature, 178, 1395 (1956). 
* Wase, A. W., and Feng, L., Nature, 177, 624 (1956). 
* Barell, U., and Holmgren, H., Acta Endocrin., 3, 331 (1949). 
* Wase, A. W., and Feng, Y. 8S. L., Acta Endocrin., 23, 413 (1956). 
* Hughes, W. L., Ann. N.Y. Acad. Sci., 70, 3 (1957). 


* Steinfleld, J. L., Paton, R. R., Flick, A. L., Milch, R. A., Beach, F. E., 
and Tabern, D. L., Ann. N.Y., Acad, Sci., 70, 109 (1957). 


* Baker, B. L., and Abrams, G. D., International Symposium, Hypo- 
physeal Growth Hormones, Nature and Actions, 107 (McGraw- 
Hill, 1954). 


Biosynthesis of Linamarin and Lot- 
australin in White Clover 


THE strains of white clover (Trifolium repens L.) 
most widely used in New Zealand contain the cyano- 
genetic glucosides lotaustralin and linamarin (1), 
which are the glucosides of methylethylketone 
eyanhydrin and acetone cyanhydrin respectively’. 
Melville and Doak?® isolated a mixture of the two 
glucosides from white clover in quentities as high as 
1-5 gm. per kgm. fresh material. |The pharmacology 
of these compounds for ruminants grazing on white 
clover has been studied from the points of view of 
potential cyanide toxicity*® and goitrogenic action**. 


(C,Hs) (C,H;) (C. Hs) 
CH, CH, CH, CH, CH, CH, 
\ ; 7 
C Ozlucose CH C—OH 
CN CHNH, CHNH, 
| 
| 
COOH COOH 
(1) (2) (3) 
linamarin valine 
(lotaustralin) (/soleucine 


From structural considerations, and by analogy 
with the findings of Gander’.* on the biosynthesis of 
p-hydroxymandelo-8-glucoside in Sorghum vulgare, 
it was thought likely that the biosynthesis of lotaus- 
tralin and linamarin might be related to the meta- 
bolism of tsoleucine and valine (2) respectively. Some 


preliminary experiments on the biosynthesis of these 
compounds are reported here. 

Four groups of seeds of New Zealand certified 
white clover were germinated in the dark on moistened 
filter-papers, to which 10 ye. of one of the following 
carbon-14 labelled compounds had been added: 
1-6 umole L-isoleucine (generally labelled), 2-7 umole 
DL-valine-1-'*C, 6-5 umole DL-valine-4-"C and 0-4 
umole glycine-2-"C (obtained from the Radiochemica| 
Centre, Amersham). On the fourth day, the seedlings 
were transferred to @ glasshouse for a further 2 days, 
after which they were extracted with boiling 80 per 
cent (v/v) aqueous ethanol for 15 min. The extracts 
were taken to dryness, shaken with 3 ml. water and 
clarified by centrifugation. Aliquots of 50 ul. and 
150 wl. of each extract were applied in duplicate to 
Whatman No. 1 filter-papers as adjacent bands and 
chromatographed in methylethylketone—acetone- 
water (3: 1: 0-6) at 20° C.°. 

Linamarin and lotaustralin in the 50-1. chromato- 
grams were detected by the following unpublished 
method, developed by P. Mortimer, Department of 
Organic Chemistry, University of Adelaide. Each 
chromatogram was sprayed with linamarase solution 
(prepared from linseed meal by the method of Coop") 
and held in a ‘Perspex’ press adjacent to a similar 
sheet of paper which had been dipped in picrate 
reagent' and dried in air. A perforated ‘Perspex’ 
sheet separated the two papers. The enzyme lina. 
marase hydrolysed both lotaustralin and linamarin 
with the liberation of hydrogen cyanide and the 
corresponding ketone. After several hours, orange 
spots were seen on the picrate papers in areas corre- 
sponding to the glucosides. A mean Rr value of 
0-59 was observed for linamarin and 0-72 for lotaus- 
tralin: glycine, valine and isoleucine were found at 
Rr values of 0-02, 0-10 and 0-18 respectively. 

The corresponding areas containing lotaustrelin 
and linamarin on the chromatograms of 150-ul. 
aliquots were then cut out and eluted with water. 
The eluates were dried, taken up in 0-5 ml. water and 
0-1-ml. aliquots were pipetted on to planchettes. 
These were dried under an infra-red lamp and counted 
for radioactivity to 4 per cent error using an end. 
window Geiger—Miiller tube. Aliquots of 0-2 ml, 
linamarase solution’® were pipetted on to the 
planchettes, which were placed in an incubator at 
25° for 16 hr. The water and volatile products from 
linamarase action were evaporated under an infra- 
red lamp and the planchettes again counted for 
radioactivity. 

The total counts found for the four treatments, 
expressed in terms of the total plant material, are 
given in Table 1. Corrections have been made for 
background counts and for sample geometry; 4 


Table 1. ToTAL RADIOACTIVITY (COUNTS/MIN. x 10-°, FOR ToTAL 

PLANT MATERIAL) FOUND IN ELUATES FROM LINAMARIN AND 

LOTAUSTRALIN REGIONS OF CHROMATOGRAMS BEFORE AND AFTER 
LINAMARASE ACTION 





| Before lina- After lina- | Radioactivity 


marase action marase action in aglycone 

Amino-acid Fie ” -——) —__|—— . 

fed Lina- Lot- Lina- Lot- Lina- Lot- 
australin 


marin | australin | marin | australin marin | 


Glycine-2- 
uc 


47 55 41 | 58 6 -—3 
L-isoLeucine- | - 
MO-.G 42 270 41 39 1 231 
pL-Valine-1- : 
“Ee 48 20 44 5 4 15 
DL-Valine-4- 
uC 455 61 47 51 408 10 
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self-absorption correction was not required. The 
loss in counts efter linamarase action corresponded 
to radioactivity in the aglycone portions of lotaus- 
tralin and linamarin respectively ; remaining counts 
could be due to activity in the glucose portions of 
lotaustralin and linamarin or to activity in other 
compounds present at these Rr values. 

It will be seen that appreciable radioactivity was 
found in the aglycone portion of lotaustralin when 
- labelled isoleucine-*C was fed and in the 
aglycone p.ttion of linamarin when DL-valine-4-"C 
was fed. Feeding with glycine-2-'*C and pL-valine-1- 
“uC resulted in negligible radioactivity in the aglycone 
portions of both linamarin and lotaustralin. 

These findings support the hypothesis that the 
biosynthesis of lotaustralin and linamarin is related 
to the metabolism of isoleucine and valine, respec- 
tively, and that decarboxylation occurs in the process 
of formation of the cyanide grouping. By analogy 
with the findings of Gander’.’, it would appear likely 
that the corresponding 8-OH-amino-acids (3) would 
be intermediates, but no evidence has so far been 
obtained for their presence. 

This work is continuing and will be reported in 
detail elsewhere. 
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BIOPHYSICS 


Evidence for Internal Organization of 
Nucleic Acid in T, Bacteriophage 


PeLLets of 7’, bacteriophage have been found to 
be liquid crystalline and to be negatively birefringent 
when subjected to stresses which cause alignment. 

A drop of 7, bacteriophage suspension placed on 
& microscope slide and covered with a coverslip, 
when allowed to dry, reveals birefringence at the 
edge of the coverslip. When the slow direction of 
the compensator (Red I plate) is aligned parallel to 
the edge of the coverslip, and both are placed at 
45° to the crossed Nicol prisms of a polarization 
microscope, the birefringent areas appear orange-red, 
indicative of negative birefringence. Control experi- 
ments with drops of tobacco mosaic virus solution, 
however, produce positive birefringence, in accord- 
ance with studies of a similar nature made by Bernal 
and Fankuchen!. : 

The periphery of pellets of these two viruses also 
exhibits birefringence. Again, when aligned parallel 
to the slow axis of the compensator, the 7, bacterio- 
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Photomicrograph of a streak from a 7; bacteriophage 
pellet exhibiting birefringence when oriented at 45° to the 
, crossed nicols of a polarization microscope. (x c. 10) 


Fig. 1. 


phage indicates negative birefringence while the 
tobacco mosaic virus demonstrates positive bire- 
fringence. 

Finally, when material taken from a 7’, bacterio- 
phage pellet is streaked on a microscope slide at 
45° to the crossed nicols, it appears orange-red when 
the slow direction of the compensator is aligned 
parallel to the streak (Fig. 1). A similarly oriented 
streak from a pellet of tobacco mosaic virus demon- 
strates positive birefringence, however, as revealed 
by a blue colour. 

That the birefringence might be the result of extra- 
particulate deoxyribonucleic acid extruded from the 
bacteriophage during the manipulative procedures 
employed prior to the polarization microscopy would 
appear to be precluded by the following observations. 
Streaks drawn from pellets of aliquots of a T, 
bacteriophage preparation, one treated and the other 
untreated with deoxyribonuclease prior to sedimenta- 
tion in the ultracentrifuge, revealed equally strong 
negative birefringence. In contrast, streaks from a 
pellet of an osmotically shocked* 7', bacteriophage 
preparation, centrifuged sufficiently long to sediment 
the ghosts but not the nucleic acid, were non-bire- 
fringent. When the supernatant fluid from this 
shocked material was afterwards centrifuged at a 
force calculated to sediment the nucleic acid, streaks 
drawn from the resulting pellet were negatively 
birefringent. An aliquot of this same supernatant 
fluid treated with deoxyribonuclease yielded a pellet 
approximately one-fiftieth the size of the undigested 
material, and streaks of it were non-birefringent. 
The results of these experiments, therefore, are con- 
sistent with the idea that the birefringence is caused 
by the nucleic acid contained within the bacteriophage 
particle. 

Attempts have been made to demonstrate align- 
ment of the bacteriophage particles within the streak 
using the electron microscope. Since areas of the 
streak sufficiently thick to exhibit birefringence with 
polarization optics were too thick for electron micro- 
scopy, the surface of the streak was replicated. It 
was observed that large areas demonstrate close 
packing of the particles, as in a crystalline array, 
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Fig. 2. Platinum preshadowed carbon replica of a streak from a 
T, bacteriophage pellet drawn on freshly cleaved mica (ref. 3). 
(x ¢. 75,500) 


although the difficulty in visualizing the tails makes 
it impossible to establish conclusively by electron 
microscopy that the individual particles are prefer- 
entially oriented within the pattern. One such areca 
is shown in Fig. 2. In this picture there is a strong 
suggestion of orientation with the long axes of the 
particles lying perpendicular to the shadow direction. 
The principal evidence, however, in favour of the 
orientation of the 7', bacteriophage particles with 
their long dimension in the direction of the streak 
comes from hydrodynamic considerations. As a 
general experience, when viscous suspensions of 
anisometric particles are subjected to stretching 
forces, such as in the streaking experiment described 
above, the particles are oriented with their long 
dimension in the direction of the stress. Furthermore, 
preliminary flow birefringence experiments with T’, 
bacteriophage suspensions in pH 5-2 phosphate buffer 
have indicated negative birefringence, although weak 
in comparison to the strong positive flow birefringence 
demonstrated by a tobacco mosaic virus solution 
subjected to the same velocity gradient. This is, 
of course, what one might expect in view of the 
considerably smaller axial ratio of the 7’, virus. 
That alignment of rods in a medium of different 
index of refraction will produce form birefringence 
independent of whether the particles themselves are 
intrinsically birefringent was postulated by Wiener 
in 1912 *. Lauffer’ showed that for tobacco mosaic 
virus the double refraction of flow decreased in 
magnitude as the difference in refractive index 
between that of the virus and the suspending medium 
decreased. The latter result implies that the flow 
birefringence produced by tobacco mosaic virus is 
mostly form and only minimally intrinsic. The fact 
that 7’, bacteriophage is much less anisometric than 
tobacco mosaic virus, yet contains considerably more 
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nucleic acid, suggests that its intrinsic birefringence 
should be of greater significance. The net negative 
birefringence observed means that the _ intrinsic 
birefringence exceeds any positive form birefringence 
in oriented suspensions of 7’, bacteriophage. Since 
deoxyribonucleic acid fibres oriented parallel to the 
optic axis are negatively birefringent, the results 
thus obtained would indicate that the intrinsically 
negative birefringent nucleic acid of the bacterio. 
phage is at least partially oriented parallel to the long 
axis within the virus particle. Preliminary quanti- 
tative double refraction measurements indicate that 
the extent of internal deoxyribonucleic acid orienta- 
tion is high. 

X-ray diffraction patterns of oriented Sepia and 
Loligo sperm have led Wilkins and Randall to con. 
clude that the sperm head consists of material 
possessing a crystalline order. Certain advanced 
stages in the differentiation of the spermatid of the 
grasshopper, Gelastorrhinus bicoler, have, when sec- 
tioned longitudinally for electron microscopy, revealed 
parallel elements running lengthwise to the long axis 
of the nucleus’. Since the similarity between bacterio- 
phage and sperm has been alluded to by many 
investigators, one additional similarity may be 
postulated ; namely, alignment of the deoxyribo- 
nucleic acid strands within their heads, parallel to 
their long axes. 

We wish to thank Dr. Robert V. Rice, of the 
Mellon Institute, for making the flow birefringence 
equipment available. 
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PHYSIOLOGY 


Lipzmic Clearing Action of Artificial 
Anticoagulants 


THE action of heparin in clearing lipeemic plasma 
is well known'. We heve investigated the in vivo 
clearing action of several anticoagulants, including 
heperin, using isotopically lsbelled fats, and have 
found thet all the enticoagulents tosted so far clear 
lipemic plasme, in vivo. 

The tests were carried out in man using glyceryl 
trioleate (triolein) Icbelled with iodine-131. The 
fasting subject was given a test meal containing 
100 gm. fat which included 50 ue. of the iodine-131 
triolein, in the manner described by Ruffin and 
othors*. Blood samples were collected over the next 
48 hr. Froe iodide was removed from the blood 
samplos by exchenge resins, and the remaining radio- 
activity por ml. of blood expressed as percentage of the 
administered dose. This figuro, times the subjects 
blood volume (70 ml./kgm.), thon gave the alimentary 
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Mechanism of the Physiological Action of 
Rotenone 


ROTENONE has been widely used as a poison for 
the extinction of fish populations. Its action was 
earlier ascribed to a histolysis of the gills' and a 
blocking of the circulation’? in the gills. Recently, 
one of us* has demonstrated that these effects are 
secondary changes due to advanced stages of poison- 
ing. 

Excised gill filaments from specimens of Leuciscus 
rutilus L. pretreated with rotenone (3-1 10-7 M) 


for 8 min. show an inhibition of the respiration of 


79 per cent (Warburg experiments, medium Krebs 
Ringer solution). Addition of 3 x 10-* M methylene 
blue to the medium restores respiration up to 83 
per cent. Also in mouse liver slices rotenone causes 


an inhibition of the respiration, a concentration of 


160 x 10-? M giving en inhibition of 47 per cent. 

In order to gain further information on the point 
of attack of rotenone, we studied its effect on the 
respiration of rat liver mitochondria, isolated accord- 
ing to Schneider and Hogeboom*. The medium was 
& sucrose—phosphate buffer pH 7-4 (2-0 ml.), contain- 
ing 50 umoles phosphate, 10 umoles magnesium 
chloride, to which were added 2 umoles adenosine 
diphosphate, 80 moles glucose, and an excess of 
hexokinase in order to secure maximum phosphoryla- 
tion. Each experimental sample contained mito- 
chondria corresponding to 350-400 mgm. wet weight 
tissue. Rotenone was dissolved in ethanol, the final 
concentration of which in the experimental samples 
did not exceed 8-4 10-°° M. Succinate or pyruvate 
was used as substrate, and added in amounts of 
It appears from Table | that 
the respiration of mitochondria is inhibited by 
rotenone only when pyruvate is the substrate. This 
inhibition is reversed by methylene blue. In order 


60 umoles per sample. 


Table 1. RESPIRATION OF RAT LIVER MITOCHONDRIA MEASURED AT 
30° C. IN THE WARBURG APPARATUS. GAS PHase AIR. For MeEpivM, 
SEE TEXT 


Pan | 
Respiration sl. O,/30 min. | 
Substrate 6 10-? M rotenone + | 
Control | 6 x 10-7’ M | 2 10-* M methylene 
rotenone blue 


Pyruvate 
(sparker 
3 wmoles 
glutamate) 112-3 
Succinate 205-0 


96-0 
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Fig. 1. Spectra representing the differences of absorption be- 


tween two samples of mitochondria, one of which contained 
6 x 10-7 M rotenone, registered with the Beckman spectro- 
photometer DK-2. The experimental and control cuvettes con- 
tained the reaction media with pyruvate as used in the Warburg 
experiments. Optical density along the ordinate: to the left 
for the spectral range 400-450 my, to the right 450-625 mw. 
Temperature, 22°C. Optical depth of cuvettes, 10 mm 


to find out if the inhibition is caused by a block in 
electron transport or in oxidative phosphorylation 
we studied the effect of 10-* M dinitrophenol on the 
inhibition caused by rotenone in the same mito- 
chondrial system as above. This substance did not 
cause any change in the effect of rotenone upon 
respiration. Obviously rotenone inhibits electron 
transport, the block being situated on the substrate 
side of cytochrome 6. Viewed against the generally 
accepted opinion that methylene blue acts as an 
acceptor of electrons from diaphorase, our results 
suggest that the block caused by rotenone is located 
between diaphorase and cytochrome b. Difference 
spectra (Fig. 1) between semples identical with those 
used in the respiration experiments with pyruvate 
as substrate, and kept under partial anaerobiosis, 
show, however, that cytochrome a3, a, c, 5 and 
diaphorase are oxidized in the presence of rotenone 
We will not comment at present on these results. 
A detailed report is being published elsewhere. 
Financial support from the Fishery Revenue 
Funds, and a grant from Stiftelsen J. C. Kempes 
Minne to one of us (K. E. 0.) are gratefully acknow- 
ledged. We are indebted to Dr. Kar]-Heinz Kiessling 
for introducing us to methods for preparing mito- 
chondria and to Prof. Olof Lindberg for valuabl 
discussion. 
P. E. 
K. E. 


LINDAHL 
OBERG 
Institute of Zoophysiology, 
University of Uppsala, 
Sweden. 
* Daneel, Rolf, Z. vergl. Physiol., 18, 524 (1933). 
* Hamilton, H. L., Iowa Acad. Sci., 48, 467 (1941). 
* Oberg, K. E., Arkiv for Zoologi, 12, No. 25, 383 (1959). 
‘ Schneider, W. C., and Hogeboom, G. H., J. Biol. Chem., 183, 12 
(1950). 


Influence on the Effect of Vasoconstrictor 
Amines by Pretreatment with 
Reserpine 


I HAVE examined the influence of reserpine pre- 
treatment (5 mgm./kgm./2 days, intraperitoneal 
on the vasoconstrictor action of a series of sympatho- 
mimetic amines and of acetylcholine in high com 
centration, using the hind legs of a rat and Jacksons 
toad preparation. 
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The results obtained with norepinephrine, epine- 
phrine, phenylephrine, ephedrine, d-l-amphetamine, 
d-amphetamine, and mephentermine confirmed that 
reserpine potentiates or leaves unchanged the motor 
effects of catechol or phenolethanolamines, but 
inhibits those of phenylethanolamines reversibly 
and those of pheny] or phenolethylamines irreversibly’. 

[ found, however, that reserpine in some instances 
transformed vasoconstrictor effects into vasodilata- 
tion. Thus, in animals treated with reserpine, 
mephentermine produced vasodilatation, instead of 
vasoconstriction. After similar pretreatment, ephe- 
drine also occasionally produced vasodilatation (3 
animals among 20). This effect might be due to 
an unmasking and/or potentiation of actions on 
3receptors. In fact, it was found that reserpine not 
only potentiated the motor effects of norepinephrine 
but also the inhibitory actions of dsoproterenol. 
Pretreatment with reserpine enhanced the vasocon- 
strictor effect of naphazoline and reduced that of 
cyclopentamine (without statistical significance). 
Therefore, these drugs seem to act directly on vaso- 
constrictor receptors, adrenergic or not. 

Acetylcholine in high concentration produces vaso- 
constriction instead of vasodilatation, by releasing 
an epinephrine-like substance*. I have confirmed 
this effect and found that it disappeared in animals 
treated with reserpine. 

For comparison I also studied the influence of 
pretreatment with cocaine on the vascular action of 
some sympathomimetic amines. In Jackson’s toad 
preparation, the effects of phenylephrine, ¢soproter- 
enol, ephedrine, cyclopentamine and naphazoline, 
are influenced by cocaine in the same way as by 
reserpine. 

This work was carried out with the aid of a scholar- 
ship from the Associacién Argentina para el Progreso 
de las Ciencias. 


H. C. SABELLI* 


Curso de Psicéfarmacologia, 
Facultad de Ciencias Médicas, 
Universidad de Buenos Aires. 
*Present address: Laboratorio de Investigaciones Psicofarma- 
cologicas, Hospital Neuropsiquiatrico Nacional, Buenos Aires. 
* Maxwell, R. A., Povalski, H., and Plummer, A. J.,7. Pharm. Exp. 
Ther., 125, 178 (1958). 
* Burn, J. H., and Rand, M. J., J. Physiol., 148, 15 (1958). 


Proportion of Noradrenaline to Adrenaline 
in the Adrenal Glands of Litter-mate Cats 


It is well known that the proportion of noradren- 
aline to adrenaline in the adrenal glands of cats 
varies considerably from cat to cat. Butterworth 
and Mann’ have obtained a range of 13-91 per cent 
of noradrenaline in the adrenal glands of a group of 
38 cats of both sexes. This animal-to-animal varia- 
tion is in marked contrast to most other laboratory 
animals, where the proportion of noradrenaline to 
adrenaline is constant for a given species. 

To investigate this variability, litters of healthy, 
young cats were used. All animals were of such an 
age as to obviate any factor concerned with an 
increased noradrenaline content in early life*. Each 
cat Was given 120 mgm./kgm. of pentobarbitone 
sodium, intraperitoneally. Two minutes later both 


adrenal glands were rapidly removed and an extract 
prepared 


in N/10 hydrochloric acid. The nor- 
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Fig. 1. To show the percentage of noradrenaline in the adrenal 

glands of litter-mate cats. The numbers at the head of each set 

of columns indicate the ages in weeks of the cats at the time of 
removal of the adrenal glands 


adrenaline and adrenaline contents of the extracts 
were determined by different biological assay tech- 
niques, using the cat nictitating membrane and blood 
pressure as separate test preparations. 

Fig. 1 shows the percentage of noradrenaline in the 
adrenal glands of litter-mate cats. 43 animals from 
17 litters were used and a range of 8-84 per cent of 
noradrenaline was found in their glands. This 
variation was independent of the ages, weights and 
diets of the animals. However, although there was 
a wide variation in the percentage of noradrenaline 
between litters, there was little or no variation within 
a litter. This is true in every litter studied, and is 
independent of the size of the litter, the sex and 
general appearances of the animals. 

It appears therefore that, although there is this 
considerable variability in the percentage of nor- 
adrenaline in cat adrenal glands, there is little varia- 
tion within a litter. Previously it has been necessary 
to compare the catechol amine content of the adrenal 
glands of an individual cat, one gland being removed 
as a control before the experiment is begun. The 
application of the above observations is that now it 
is possible to divide litters of cats into test and 
control groups, in the same way as many other 
laboratory species are used. 

A detailed account of this work, together with 
information concerning the relationship between the 
adrenal glands of the parents and their offspring, 
will be published elsewhere. 


K. R. BuTTERWORTH 
Department of Pharmacology, 


St. Mary’s Hospital Medical School. 
Paddington, London, W.2. 


Monica MANN 
Department of Pharmacology, 
School of Pharmacy, 


29/39 Brunswick Square, 
London, W.C.1. 


' Butterworth, K. R., and Mann, M., J. Physiol., 186, 294 (1957). 


* Shepherd, D. M., and West, G. B., Brit. J. Pharmacol., 6, 665 (1951)- 
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Polyenoic Acid in Hypercholesterolemia 
induced by Pyridoxine Deficiency in Rats 


Srxciarr! first suggested that development of 
atherosclerosis may be related to the level of polyenoic 
fatty acids in blood, and, since pyridoxine is known 
to be a factor for conversion of linolineate to arechi- 
donate*, atherosclerosis observed in  pyridoxine- 
deficient monkeys? may be related to the deficiency 
of arachidonate. To test the validity of the hypo- 
thesis, we decided to make a detailed study of the 
unsaturated fatty acid content of the blood and of 
cholesterol and unsaturated fatty acids in the aorte 
of pyridoxine-deficient rats and to find whether the 
hypercholesterolemia observed had any relationship 
to cholesterol synthesis in the deficient condition. We 
have therefore determined simultaneously liver and 
bile cholesterol, since bile cholesterol is known to 
reflect faithfully the status of cholesterol synthesis 
by liver. 

Sixty weenling rats were allowed to feed, ad 
libitum, a purified besal diet containing vitamin-free 
casein 22-0 per cent, sucrose 66-5 per cent, fat 
(coco-nut oil) 7-0 per cent, salt mixture‘ 2-5 per cent 
end sulphaguanidine to deplete vitamins. After 
three weeks, the animals were divided into groups of 
20 each. Group I animals received the basal diet 
supplemented with vitamin mixture; Group II 
animals received the same diet but the amount of 
food given was so restricted 2s to make their growth 
curves correspond to the Group III animals which also 
received the same diet with the exception of pyri- 
doxine. After nine weeks the animals were killed. 
Blood was drawn directly from the heart after opening 
the thorax, and serum obtained from two such 
animals were pooled and analysed for polyenoic fatty 
acids and cholesterol. 

For polyenoie fatty acids, serum (2 ml.) was refluxed 
under nitrogen for 8 hr. with Bloor’s mixture, filtered, 
residue further extracted for an additional 8 hr. under 
nitrogen, the two extracts mixed, dried over anhy- 
drous sodium sulphate and total lipids re-extracted 
with 10 ml. petroleum ether. The petroleum ether 
extract was passed through a silicic acid column’ 
(21 x 300 mm.) operating under a slight but constant 
pressure of nitrogen. The column was then eluted 
with 350 ml. petroleum ether containing | per cent 
ethyl ether at a rate of about 150 ml. per hr. The 
solvent was removed from the extract under reduced 
pressure at 60°, saponified with alcoholic potassium 
hydroxide, extracted quantitatively with petroleum 
ether after acidification, made to standard volumes, 
and 15 ml. were isomerized at 180° with potassium 
hydroxide—ethylene glycol in reaction tubes*. Absorp- 
tion spectrum was determined in the ultra-violet 
range of a Unicam S.P. 500 spectrophotometer. 
Concentrations of polyenoic acids were calculated by 
using the equation of Herb and Riemenschneider’. 
The iodine value was determined in another aliquot. 
Bile was collected from fistule from rats under 
urethane anwsthesia. For histochemical observations 
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Fig. 1. Sections of aorta showing: a, birefringence of intima and 

media. Note protrusion of intima into the lumen. (x c. 100); 

b, intense birefringence of intima around the region of an 

atheromatous plaque produced in a pyridoxine-deticient rat. 

(x ¢. 450); ¢, intense Lieberman-Burchard reaction of aortic 

intima of pyridoxine-deficient rat. (x c¢.450) 

frozen sections of aortze were used. Unsaturated 
fatty acids were stained by the bromination method 
(Sen, P. B., personal communication) and cholesterol 
was determined by polarization microscopy and by 
the Schultz techniques. 

The results are shown in Table | and in the photo- 
micrographs (Fig. 1). The Group III animals showed 
characteristic pyridoxine deficiency morphologically ; 


DISTRIBUTION OF TETRAENOIC ACID IN SERUM, FKEE AND ESTER CHOLESTEROL IN SERUM AND LIVEeR, FREE CHOLESTEROL IN BIB 


IN MGM. PER CENT AND IODINE VALUE OF SERUM EXTRACT IN THE THREE GROUPS OF RATS 


Table 1 
Serum cholesterol 
Group Serum tetraenoic — — 
acid Free Ester 
I Control 5-7 0-8 43 4-8 60 3 
II Inanition 4:44 0-5 40 +3°8 55 +2 
Itt Experimental 23.409 62 +2-7 112 +5 





Liver cholesterol 





Free cholesterol | Iodine value of 








Free | Ester in bile serum extract 
218 + 15 65 +8 12-4402 42-0 -17 
213 +11 38 +9 9-1+0°3 | 39-5 +2 1 
183 +17 35 +8 10°8 1-4 21-0 ~ 66 
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their serum tetraenoic acids were significantly lower 
and cholesterol deposition in aorte was also signi- 
ficant. The hypercholesterolemia appears to be due 
to increased mobilization from liver, and cholesterol 
synthesis in vivo appears to be unaffected. Staining 
reactions revealing unsaturated fatty acids did not, 
however, show significent difference between controls 
and experimental animals. 

We are grateful to the Council of Scientific and 
Industrial Research for financial assistance and 
permission to publish, and to Principal K. C. Mukerjee 
for his interest and advice. 
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Strain Differences in Acetylcholine 
Concentration in the Brain of the Rat 


WE have recently published results indicating indi- 
vidual and strain differences in cortical and subcorti- 
cal cholinesterase activity in two strains of rats regu- 
larly maintained in the Department of Psychology 
colony’. These strains were developed from a hetero- 
geneous foundation stock by Tryon? through selective 
breeding for maze brightness (the S, strain) and for 
maze dullness (the S, strain). The brain cholinester- 
ase activity of the S, strain was found to be consis- 
tently higher than that of the S, strain. More recently, 
Roderick? developed two additional sets of strains of 
rats differing in cortical and subcortical cholinesterase 
by a selective breeding programme using the cortical 
cholinesterase of the sire as the basis of selection. 
One set was deriyed from the Dempster and one from 
the Castle foundation stock of the University of 
California Genetics Laboratory. Within each set, one 
strain has a considerably higher brain cholinesterase 
activity than the other. These four sub-groups are 
therefore labelled as the RDH (Roderick Dempster 
High cholinesterase) and RDL, RCH, and RCL 
strains. We thus have three sets of animals, each 
deriving from a different foundation stock, and 
each set further subdivided by selective breeding 
into strains of high and low brain cholinesterase 
activity. 

Our original interest in individual and strain 
differences in cholinesterase activity stemmed from 
our observations which indicated a relationship 
between the adaptive behaviour of the rat and the 
activity of its brain cholinesterase‘. We have tended 
to explain this relationship by reference to the part 
which the acetylcholine—cholinesterase system plays 
in transmission at some synapses in the central 
nervous system, and by assuming that the cholin- 
esterase activity of the brain was highly correlated 
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with its acetylcholine content and would thus give a 
useful index of the activity of this system. Further 
work on the relationship between behaviour and 
cholinesterase indicated that this latter assumption 
was questionable and led to the hypothesis that the 
genetic determinants of cholinesterase and acetyl- 
choline were independent (a report of all the relevant 
behavioural and biochemical data and of the theoreti- 
cal argument in support of this hypothesis is now in 
preparation). Fortunately, in the animals already 
described we had the material at hand to test this 
hypothesis. If cholinesterase and acetylcholine are 
genetically linked, then in each set of strain the strain 
higher in cholinesterase should be higher in acety]- 
choline. 

In this communication we report the preliminary 
results of a study of the brain acetylcholine content 
of animals from each of these six strains. 

As acetylcholine is a very labile constituent of brain, 
the technique used for killing the animal and extract- 
ing the acetylcholine must eliminate or minimize 
changes in the ‘normal’ acetylcholine content. The 
brain was frozen in situ by immersing the rat in a 
small cage into a large Dewar flask containing liquid 
oxygen’. The brain (excluding cerebellum, medulla, 
and pons) was removed from the frozen head, weighed 
rapidly, crushed* and then extracted with acidulated 
alcohol with slight modifications of the technique 
originally described by Stone’. This method of 
extraction gave a higher yield of acetylcholine than 
did the use of trichloracetic acid. 

The acetylcholine in the extracts was assayed on 
the rectus abdominis muscle of the frog R. pipiens, 
sensitized with neostigmine bromide*. Allowance 
for the presence of sensitizing substances (which 
occur in high concentration in brain extracts from 
animals frozen in liquid oxygen [air]®) was made by 
Feldberg’s method®. Instead of recording contrac- 
tions of the muscie by a conventional isotonic lever, 
virtually isometric conditions were imposed by 
attaching the muscle to a transducer (Statham 
Instrument Co. model 987-G7A + 0-15 oz.) connected 
to a Leeds and Northrup ‘Speedomax’ recorder with 
a 4-m\V. full-scale sensitivity. A 1l-gm. increase in 
tension exerted on the transducer resulted in a full- 
scale deflexion of the recorder, and this arrangement 
provided a convenient system which gave reliable 
and reproducible assays. 

All samples were coded and the analysis order was 
randomized to avoid bias or systematic errors. 
Duplicate analyses by several different analysts gave 
similar results. 

The results of the acetylcholine determinations 
are summarized in Table 1. Each high cholinesterase 
group (the S,, the RCH and the RDH) is compared 
with its corresponding low cholinesterase group 
(S;, RCL, RDL). Table 1 indicates that the acetyl- 
choline concentration (myM/gm.) of the S, rats is 
about 14 per cent higher than that of the S, strain. 
This difference is statistically significant at better 
than the 0-001 level of confidence. Thus, for the 
Tryon animals, the strain higher in cholinesterase 
is also found to be higher in acetylcholine. However, 
the correspondence does not hold for the Roderick 
animals. For the RC rats the high cholinesterase 
strain (RCH) has an acetylcholine concentration 
which is about 9 per cent higher than the low cholin- 
esterase strain (RCL). This difference is significant 
at the 0-05 level of confidence. The acetylcholine 
concentration of the RDH rats is essentially equal 
to that of the RDL rats. The difference of 0-6 per 
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Table 1. BRAIN ACETYLCHOLINE CONCENTRATION OF SIX STRAINS OF 


RATS 

Strain S; Sy RCH RCL RDH RDL 
No. 16 19 11 11 14 16 
Age 

(days) 125-151 134-165 144-152 144-159 150-179 150-177 
ACh./gm. 

muM 27°34 24-07 24°52 22-47 23°13 22 -98 
sigma 2-00 2-32 1°57 2-70 1°48 1-96 
Difference 3°27 2-05 0-15 
t 4°46 2°17 0-23 

P <0-001 <0-05 n.s. 


cent, which does exist, does not approach statistical 
significance. 

These results seem to support our hypothesis that 
the genetic mechanisms controlling cholinesterase 
activity and acetylcholine concentration in rat brain 
are independent. If this be true, one might expect 
various ratios of acetylcholine to cholinesterase to 
occur in Nature. The acetylcholine/cholinesterase 
ratios cannot be given at present for the six strains, 
since the tissue samples were not completely com- 
parable for the two types of analyses. For the 
acetylcholine determination, the brain tissue excluded 
the cerebellum and the lower brain stem. For the 
cholinesterase determinations, separate values were 
obtained for samples of the dorsal cortex and for a 
subcortical sample which included the cerebellum 
and lower brain stem. Cholinesterase analyses are 
now being made on samples comparable to those used 
in the acetylcholine determinations, and the results 
will be reported elsewhere. If different ratios occur, 
this in turn suggests that neither acetylcholine nor 
cholinesterase alone may be an adequate index of 
efficiency at cholinergic synapses. Furthermore, 
another compound intimately involved is choline 
acetylase. Determination of brain choline acetylase 
activities in rats of our six strains is planned. This 
should allow for the testing of our hypothesis that the 
efficiency of neuronal functioning and adequacy of 
adaptive behaviour is a function of the balance among 
choline acetylase, acetylcholine and cholinesterase. 

This research was supported in part by a research 
grant, No. G-2542, from the National Science 
Foundation, and in part by a research grant, No. 
M-1292, from the National Institutes of Health, 
Public Health Services. It also received support 
from the U.S. Atomic Energy Commission. 

We wish to acknowledge the skilled analytical 
assistance of Marie Hebert, Ann Ohlander and 
Hiromi Morimoto. 
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Variability in Levels of Blood Uric Acid 
in Five Species of Birds 


Our preliminary studies on serum uric acid in 
birds showed the existence of diurnal differences 
in concentration. Therefore, it seemed appropriate 
to study the factors associated with these differences, 
This work is based on 123 birds of four species: 
Carpodacus mexicanus, Lophortyx californica, Passer 
domesticus and Zonotrichia leucophrys. The birds 
were housed individually at temperatures ranging 
from 22 to 26° C. on a daily photoperiod of 5 hr. 
To test a non-flying bird, week-old chicks kept at 
33° C. in a brooder on a 5-hr. photoperiod were used. 
Water consumption was measured to check the 
degree of hydration prior to obtaining blood samples. 
Blood sera were analysed colorimetrically’. Activity 
was induced by (a) placing the birds in a cylindrical 
cage 8 in. in diameter and 24 in. in length and forcing 
them to hop by slowly rotating the cage at 6 r.p.m. 
with an electric motor for 2} hr. or by (b) releasing 
them in mid-air in an empty room illuminated by 
dim red light. The birds were not attracted by the 
red light, although we had previously observed them 
flying towards any stray white light when they were 
permitted to fly in a darkened room. Because it was 
impossible to keep the birds flying in the dim red 
light for more than a few minutes, they were picked 
up at the end of each flight and re-released a sufficient 
number of times to give the approximate equivalent 
of 10 min. continuous flight. 

The concentrations of uric acid in the sera of birds 
of all five species were statistically similar after an 
18-hr. period of darkness (Table 1). Levels of uric 
acid in serum samples removed at the middle of the 
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Fig. 1. Serum uric acid levels of P. domesticus under different 
conditions. The vertical lines indicate the range; the horizontal 
lines indicate the mean (z); and the rectangles indicate the 
interval z + 2e0m to x —2omM. The number above each line 
indicates the sample size. Drk-Hy, hydrated in the ons 
Drk-dehy, dehydrated in the dark; Lgt-Hop, hopping in } 
light ; Drk-Hop, hopping in the dark; Lgt-Hy, hydrated in the 
light ; Drk-figt, flight in the dark 
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Table 1. DIURNAL VARIATIONS IN SERUM URic ACID LEVELS OF 
BIRDS GIVEN WATER ad libitum 


Serum uric acid (mgm./100 c.c.) 














Dark (gz + 20m)* | Light ( + 20m) 
Carpodacus mexicanus 85+2°5 (6)T 14-7429 (10) 
Lophortyx californica 9-5 +65-1 (5) 32:2 +96 (5)t 
Passer domesticus 78+1-°6 (10) 19-8 +2°5 (10) 
Zonotrichia leucophrys 112+:+2-4 (6) 25°4+6°8 (10) 
Gallus domesticus 8-4+0°9 (12) 71+06 (11) 
* Where samples were less than 8, three times standard error used. 
+X ers in parentheses indicate sample size. 





+ Birds induced to fly. 


photoperiod (after 23 hr. of light) were approximately 
double the value of dark-treated individuals of 
(. mexicanus, P. domesticus and Z. leucophrys 
Table 1), but were unchanged in G. domesticus. A 
high concentration of serum uric acid was found in 
L. californica when forced to fly during the light 
period. The behaviour of the birds during the light 
period suggested at least three factors as possible 
causes of the increase in uric acid: (1) temporary 
dehydration ; (2) light; (3) activity. These factors 
were tested singly or in combination (Fig. 1) on a 
single species, P. domesticus. Measurements made 
at the end of the dark period on birds deprived of 
water for the preceding 24 hr. showed no significant 
differences from birds which had water available. 
White light does not appear to be the major cause of 
elevated uric acid levels during the light period since 
values from birds forced to hop in the light were 
among the lowest obtained. We assume that the 
high values obtained from birds hopping in the dark 
were caused by their increased activity due to dis- 
orientation while being forced to remain active in the 
dark. The rotation of their cylindrical cage caused 
some fluttering which was not seen under similar 
conditions in the light. Birds forced to fly in the dark 
showed an increase of 3-5 times the mean values of 
serum uric acid measured at the end of the dark 
period. The birds frequently flew in their cages 
during light periods. Thus, it appears that the 
activity associated with flight is the primary factor 
in the production of diurnal fluctuations in levels of 
serum uric acid. 

The underlying mechanism for the elevated serum 
uric acid is unknown. There is the possibility of an 
increase in protein metabolism during flight*-°. 
Histological evidence for the existence of a renal 
portal valvular mechanism which could function as a 
shunt has been found in 24 species of birds including 
both Passer domesticus and Gallus domesticus*. Thus 
there is also the possibility that through the action 
of a renal portal shunt the pattern and volume of 
blood flow to the kidney are altered during flight and 
this, together with any increased production of nitro- 
genous waste, causes the increase in circulating uric 
acid. 

Jack W. Hupson 
University of California, 
Los Angeles. 
CHARLES R. TAYLOR 
Occidental College, 
Los Angeles. 


‘Kern, A.. and Stansky, E., Biochem. Z., 290, 419 (1937). 

_ ueorge J., and Jyoti, D., J. Univ. Bombay, N.S., 21 (B, 5), 72 (1953). 

Coane '.. and Jyoti, D., J. Animal Morphol. and Physiol., 4 (2), 
9 157). 

“George, J.. and Jyoti, D., J. Animal Morphol. and Physiol., 5 (1), 

Thompson, W., and Monroe, H., J. Nutr., 56, 139 (1955). 


“Sperber, I., Zool. Bidrag, Uppsala, 27, 429 (1949). 
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Absorption-Elution Grouping of Dried 
Blood-stains on Fabrics 


THE principle of absorption-elution grouping in the 
ABO system using dried blood smears on microscope 
slides has already been described!. This communica- 
tion is to show that a similar procedure can 
be adopted with blood-stains on fabrics. 1 have 
used several variations of the method; but that 
which is most consistently satisfactory is described 
here. 

A fragment of the blood-stained cloth to be 
examined is cut out with an unstained cloth control, 
together in one piece of fabric. A convenient size 
will yield about 10 mm.? of blood-stain and a similar 
area of unstained cloth. The fabric is plunged into 
boiling McIlvaine buffer (pH 7:4) for 30 sec. then 
removed and placed in the antiserum for absorption. 
Several fragments can be absorbed together in the 
same antiserum. 

Next the cloth is allowed to absorb antibody for 
2 hr., then removed and washed three times in saline 
before being cut into separate stained and unstained 
fragments. These separate fragments (each about 
10 mm.*) are placed separately in the wells of cavity 
slides (12 mm. diameter wells) and covered by 
single drops (about 30 ul.) of 2 per cent v/v red 
cell suspension. The slide is then removed to a moist 
chamber at 50—-55° C. for 5 min. On removal from 
the moist chamber the slide is rotated vigorously, 
the fabric pushed to one side of the well and the cells 
then allowed to stand for 15 min. at room temperature 
before rotating and reading. Agglutination intensi- 
ties can be increased by carrying out the final 30 min. 
of the absorption period at 5° C., and washing in 
saline at the same temperature. 

Results generally parallel those described before’, 
but most of my experience in the present work has 
been with anti-A and anti-B antisera only. My 
experience of this technique shows that the manipula- 
tion involved is only a small fraction of that in using 
classical ebsorption-inhibition methods and further 
that it is a technique which the untrained worker can 
master very quickly. Points to observe during the 
use of this technique are : 

(1) When fixing, keep the buffer just under boiling 
point, otherwise with small fragments of fabric the 
weave is broken up. (2) When fixing and absorbing 
several stains together either label with water- 
insoluble ink or rely on the different shapes of the 
stains used. With very small stains this latter may 
be the only practical method although different 
fabric colours often renders labelling unnecessary. 
(3) Wash well with saline at room temperature. The 
whole technique depends on efficient removal of 
uncombined antibody. (4) Efficient elution and 
agglutination depend on transferring as much anti- 
body from stain to cells as possible. Do not allow the 
cells to settle before eluting. (5) A convenient warm 
chamber is made from an inverted Petri dish holding 
a wet filter paper in the upper part. This is held at 
50-55° C. in an incubator. With the smell volume 
of cell suspension used the atmosphere must be 
saturated with water vapour. (6) The size of blood- 
stained fragment and cloth control used will vary 
with many factors, including the amount available, 
the experience of the operator and the number of 
antisera employed. As a guide, however, a convenient 
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size of fabric fragment for each slide well is 5 mm. 
» 
- Imm, 


S. S. Kryp 
Home Office Forensic Science Laboratory, 
32 Rutland Drive, 
Harrogate. 


* Kind, 8S. S., Nature, 185, 397 (1960). 


Non-specific Hzmagglutinin from 
Cellulose and Cellulose lon Exchanger 


In our work on the fractionation of ether-treated 
influenza viruses by chromatography on DEAE- 
columns (N,N-diethylaminoethylcellulose)' it was 
found that samples of cellulose exchangers released 
different amounts of non-specific hemagglutinin 
which has to be removed by thorough washing 
(refs. 1 and 2 and McCrea, J. F., personal communica- 
tion). We have found similar non-specific hemag- 
glutinins in batches of normal cellulose, CAM- 
cellulose and ECTEOLA-cellulose (Schleicher and 
Schill, Dassel, Germany ; Serva-Entwicklungslabor, 
Heidelberg, Germany). 

With reference to the increasing importance of the 
collulose ion exchangers, for example, for fractiona- 
tion of hemagglutinating agents'-*, it seems to be 
useful to know, and to exclude, this hemagglutinin. 

The dialytic behaviour of the non-specific hamag- 
glutinin from DEAE-cellulose indicates a high mole- 
cwar weight. The agglutinin was shown to be heat- 
resistant ($ hr., 100° C.), not susceptible to the 
receptor-destroying-enzyme, lysozyme, and trypsin, 
susceptible to sodium periodate, acid and alkali 
hydrolyses. 

Furthermore it is able to agglutinate red cells of 
different species, for example, rabbit, mouse, chicken, 
and guinea pig ; also human red cells without respect 
to the blood-group antigens A,, A,, AB and O. 

The highest agglutinin titre proved to be at pH 
7-2 -7-8. The fixation of the hemagglutinin to the 
red cell surface appears to be firm, as proved by 
hemolysis on-elution. It may be assumed that the 
agglutinin is a pan-agglutinin and that it belongs to 
the group of polysaccharides, which is further 
indicated by its susceptibility to sodium periodate 
and by a positive Molisch reaction. 

B. ScHMIDT 
K. GRoOssGEBAUER 
D. HARTMANN 


Institut fiir Hygiene und Medizinische Mikrobiologie 
der Freien Universitit, 
Berlin. 


‘ Schmidt, B., Hartmann, D., ani Grosagebauer, K., Arch. g's. Virus 
forschg. (in the press). 

* McCrea, J. F., and O’ Loughlin, J., Virol., 8, 127 (1959). 

* Prager, M. D., and Speer, R. J., Proc. Soc. Exp. Biol. Med., 100, 68 
(1959). 


The Rh Factor C in South African Bantu 


FoLLow1nsc the recent work of Sturgeon et al.’ on 
a variant of Rh antigen C common in Negroes, 
Allen and Tippett? on factor G, Wiener and Unger? on 
the complexities of D and Rosenfield and Haber‘ on 
Rh factor Ce, we considered it timely to undertake a 
re-appraisal of the Rh factor C in South African 
Bantu. It was planned to test a series of type Cde 


Bantu blood donors with a variety of anti-C and anti- 
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CD sera in order to investigate the nature of ( and 


the possible incidence of Allen’s G factor. The 


material consisted of Bantu donors bled during 1959. 
and, in order to study antibody formation, a series 
of D-negative Bantu ante-natal patients was also 
included. In the preliminary stages we referred 
number of specimens to Dr. A. E. Mourant for his 
opinion and we are grateful to him not only fo, 
investigating these specimens but also for putting us 
in touch with Dr. Philip Sturgeon of Los Angeles, 
who sent us a copy of his paper on the C variant in 
Negroes and a hitherto unpublished paper extending 
his original studies ; he also gave us a supply of his 
key serum anti-CN, which we were able to use for the 
last five months of the investigation. 

The specimens were obtained from healthy male 
and female Bantu donors and ante-natal cases. We 
screen all specimens in tubes with two anti-D sera, 
one complete and one incomplete. Negatively 
reacting specimens are tested further with from two 
to four additional anti-D sera, after which a check 
for D" variants is carried out by the use of two or 
three incomplete sera and the indirect antiglobulin 
technique. The D negatives are screened with saline 
anti-CD and anti-E sera. Those reacting with anti- 
CD were tested with a panel of anti-C and anti-CD 
sera and a small series with anti-C¥. The last 64 
Cde donors were also tested with Sturgeon’s 
anti-CN, 

A total of 10,173 Bantu blood donors was investi- 
gated of whom 488 proved to be D-negative, and of 
these 98 gave strongly positive reactions with saline 
anti-CD sera. On further testing all 98 specimens 
gave strongly positive reactions with panels of saline 
anti-C + D sera and sera which contained salin 
anti-C + albumin anti-D; variable results were 
obtained with saline anti-C, two giving negative 
results while three others gave a proportion of posi- 
tives. No positive results were obtained with anti- 
Cw. The really significant finding was that not one 
of the 64 Cde donors reacted with anti-C’ serum 
although controls on Europeans gave positive results 
This is in agreement with Sturgeon’s findings on 
Negroes. In order to find out whether there was an 
ansigenic difference between the C of Cde persons 
and the C of CDe persons, 100 consecutive Rh D- 
positive Bantu donors were tested for the C antigen ; 
16 type CDe wore found and of these 1 gave a positiv: 
reaction with anti-CN and also strongly positive 
reactions with the panel of test sera as in the case o! 
European controls, but those negative with anti-C’ 
behaved as the Bantu Cde type, and it would seem 
thet the Bantu CDe group consists of two types of C, 
a very small minority conforming to the Caucasian 
type and the great majority belonging to Sturgeon’s 
Negro variant. One is tempted to speculate that the 
fifteen anti-CN negatives belonged to the genotype 
C2de/eDe, while the one anti-CN positive was 0! 
the type CDe/cde and, furthermore, that C is 4 
characteristic of Caucasians and not of Bantu. 

Of the 365 conscecutive ante-natal D negative cases. 
50 gave strong reactions with anti-CD sera and 3H) 
of those tested with anti-CN were all negative. O! 
21 D-negative sensitized Bantu females with Rh 
antibodies, 5 belonged to the ‘Negro’ type Cade ; 
two of these have not yet been delivered, in tw? 
cases the babies required exchange transfusion, an¢ 
the fifth case was a patient ‘1 the country whose beby 
wes severely jaundiced. 

In summary, our findings show that of 853 con 
secutive Bantu D-negative persons, 148 belonged to 
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the type Cde and none to type cdE. This is in keeping 
with the results reported by Zoutendyk® on the Rh 
types of 300 Bantu. In every case the C resembled 
Sturgeon’s Negro variant in their reactions with saline 
anti-C sera and in the 94 cases tested with anti-CN. 
It was also found that of 50 type cDe tested, none 
reacted with anti-CN, 

The Rh mosaic has become so confused and com- 
plex during the past two years that at present the 
interpretation of our results can only be speculative. 
They show that the C factor of type Cde Bantu and 
most type CDe Bantu is antigenically different from 
Caucasian C and one may be able to classify type 
(De Bantu into genotypes C®de/cDe and either 
(NDe/eDe or CNDe/cde according to the reactions 
obtained with anti-C and anti-CN sera. Sturgeon’, 
ina paper read at the eleventh annual meeting of the 
American Academy of Forensic Sciences, 1959, has 
presented evidence that his anti-CN and the anti-Ce 
of Rosenfield and Haber are essentially identical 
reagents, and he suggests the possible interpretation 


that CN, cv, C2 and G may be different expressions of 


type C. 

Sicisies the ultimate theoretical significance may 
be, the immediate practical applications of our 
fndings are obviously important. Tests on Bantu 
donors should include the use of saline anti-CD sera, 
and in medico-legal work, for example in tests for 
disputed paternity, a selected panel of C and CD 
sera is essential, as not infrequently these cases 
involve both Europeans and Bantu with a corre- 
spondingly complex Rh set-up. 


A. ZOUTENDYK 
H. TreoporczuK 


South African Institute for 
Medical Research, 
Johannesburg. 


‘Sturgeon, P., Fisk, R., Wintler, C., and Chertock, R., Proc. Seventh 
Congr. Int. Soe. Blood Transf., 293 (Rome, 1958). 


* Allen, jun., F. H., and Tippett, P. A., Vor Sang., 3, 321 (1958). 

* Wiener, A. S., and Unger, L. J., J. Amer. Med. Assoc., 169, 696 
(1959). 

* Rosenfield, R. E., and Haber, G. V., Amer. J. Hum. Genet., 10, 474 
(1958). 


Zoutendyk, A., S. Afr. J. Med. Sci., 12, 167 (1947). 
‘Sturgeon, P., J. Forensic Sci., 5, 287 (1960). 


Effect of Heat on the Serum Factors 
Gm?, Gm®, Gm* and Gm-like 


GRUBB' reported that Rh-positive red blood cells 
coated with an incomplete anti-D serum could be 
caused to agglutinate by serum from some patients 
with rheumatoid arthritis. He showed also that 
serum from some healthy patients could inactivate 
the rheumatoid arthritis serum when mixed with it, 
80 that sensitized red blood cells would not be caused 
to agglutinate. 

Grubb and Laurell? showed that the presence of the 
inhibitor in normal serum is due to a dominant gene 
(Gm*). Those with the factor are called Gm (a+) and 
those without it are called Gm (a —). Grubb and 
Laurell reported also that Gm (a +) sera did not lose 


their ability to inhibit after exposure to 63° C. for 
25 min. but that the rheumatoid arthritis sera were 
inactivated by such treatment. 

We have attempted to repeat Grubb and Laurell’s 
experiments on Gm and to extend them to the other 
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Table 1. EFFECT OF HEATING AT 63° C., UNTIL VISIBLE AGGREGATES 
ARE FORMED, ON THE GM FACTORS OF NORMAL SERA 
A. Gm (+) sera 
Reaction after heating 


Factor Number Reaction after diluted 1/2 or 1/8 
heated heating neat saline 

Gm* 12 12 Gm (a+) 12 Gm (a+) 

Gm? 12 12 Gm (b+) 12 Gm (b+) 

Gm* 12 12 Gm (x+) 12 Gm (x +) 

Gm_-like 9 9 Gm-like (—) 8 Gm-like (—) 
1 Gm-like (+)* 

B. Gm (—) sera 

Gm* 12 12 Gm (a+) 12 Gm (a—) 

Gm?> 10 10 Gm (b—) 10 Gm (b—) 

Gm* 16 16 Gm (x+) 16 Gm (x—) 

Gm-like 12 12 Gm-like (—) 12 Gm-like (—) 


* Heated for 30 min. 


known Gm factors, Gm> (Harboe*), Gm* (Harboe 
and Lundevall‘), and Gm-like (Steinberg, Giles and 
Stauffer®). 

All Gm tests were made by the slide technique, 
described by Harboe and Lundevall‘, using rheuma- 
toid arthritis serum (Bomb.) with anti-D (Ham.) to 
test for Gm>, and with anti-D (Warren) to test for Gm- 
like ; and rheumatoid arthritis serum (Bowers) with 
anti-D (Kimb.) to test for Gm®, and with anti-D 
(Ham.) to test for Gm* (Steinberg, Giles and Stauffer®). 

We found that undiluted rheumatoid arthritis sera 
were inactivated and that undiluted Gm (a +) sera 
were unaffected by. heating to 63° C. for 30 min., 
as Grubb and Laurell had reported. We found, too, 
that diluting these sera 1/2 or 1/8 with saline did not 
effect their response to treatment with heat. 

Tests with Gm (b +) and Gm (x +) sera indicated 
that they also remained unchanged when heated neat 
or diluted in saline. Gm-like (+) sera, on the other 
hand, became Gm-like (—) and this also was inde- 
pendent of whether the sera were heated neat or 
diluted in saline. We emphasize, in the light of results 
to be reported below, that dilution with saline does 
not affect the above reactions. 

Gm (a —) and Gm (x —) sera become Gm (a +) 
and Gm (x +), respectively, when heated neat, but 
remain unchanged when heated diluted in saline. 
We have heated one such serum diluted 1/2 in saline 
for 3 hr. at 63° C. without any change in its Gm type. 
Gm (b —) and Gm.-like (—) sera, on the other hand, 
remain unchanged on heating. The results are pre- 
sented in Table 1. Table 2 shows an example of the 
protocols of the titration of two Gm (a+), two 
Gm (a —) sera, and a heated Gm (a —) serum. 

The change from Gm (a —) to Gm (a +) or from 
Gm (x —) to Gm (x +) has not been observed in sera 
heated for less than 15 min. Furthermore, we have 
noted these changes only when visible aggregates 
have formed during heating, or on dilution in saline 
after heating. We have noted, also, that there is a 
slight positive correlation between the length of time 
required to form these aggregates and the length of 
time the serum has been stored at — 20° C. Of the 
two sera which changed from Gm (a —) to Gm (a +) 
and from Gm (x —) to Gm (x +) only after heating 
for 60 min. at 63° C., one had been stored for two 
months and the other for one year. Neither serum 
developed visible aggregates when heated for 30 min. 
but each did so when heated for 60 min. Other sera 
Table 2. 


TITRATION OF Two GM (A+), Two GM (A—) SERA AND A 


HEATED Gm (A—) SERUM 
Dilution of test serum 


Serum Gm*1/4 1/8 1/16 1/32 1/64 1/128 Score 
43 + O 0 ) 0 0 ++ 2 
8-9 + O 0 0 + + + ++ + 6 
H » © H4+4+ 444 444 4444 4444+ 17 
S-1 — @ 0 1. 4 a i. 4. o + }- 12 


S-1 
(heated) 0 0 0 0 0 ‘he 3 
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Table 3. EXAMPLES OF THE EFFECT OF HEAT (63° C. UNTIL VISIBLE 
AGGREGATES FORM) ON THE GM CHARACTER OF INDIVIDUALS WITH 
DIFFERENT GM FACTORS* 


Gm factors 


Individual a h y like 
S-1 unheated ; 
heated 
S-6 unheated 
heated 
S-8 unheated 
heated 
S-14 unheated 
heated 


* The only other Gm phenotypes we have observed are Gm (a +b + 
x+ like—) and Gm (a+ b— x+ like—), but these do not change 
on heating. 


stored equally long, however, did change after } hr. of 
heating. Attempts to make this observation quantita- 
tive, and to analyse the nature of the change in the 
serum with storage, are planned for the future. 

The explanation of the changes in Gm®, Gm* and 
Gm-like reactivity recorded above is not obvious. 
Grubb® reported that the Gm* factor in normal 
serum is y-globulin. y-Globulin has been shown to be 
composed of at least two major primary components, 
one with a sedimentation-rate of 7 S and a second with 
a sedimentation-rate of 19 S 7. Dr. Hugh Fudenberg 
(personal communication) reports that ultracentri- 
fugation tests show that all four Gm factors of normal 
serum are located in the 7 S y-globulin and that the 
19 S component is inactive. Heat is known to 
aggregate y-globulin’. Hence, after heating it would 
be expected that there would be a reduction of the 
amount of 7 S y-globulin and probably a comparable 
reduction in Gm activity. It is surprising, therefore, 
that only one factor (Gm-like) becomes negative on 
heating and that Gm (a —) and Gm (x —) become 
positive on heating. It is unlikely that the latter 
change is due to a non-specific interaction of the 
aggregates with the rheumatoid arthritis serum, of 
the sort reported by Franklin et al.*, because of the 
failure of Gm» to change and because of the change of 
Gm.-like (+) to Gm-like (—). 

The changes cannot be explained on the basis of 
antigens competing for the surface of a molecule as 
has been reported, for example, in Paramecium’, 
because they are not influenced by the other Gm 
factors present (Table 3). We hope to be able to 
submit the aggregated protein to analysis in the 
ultra-centrifuge. 

The different responses of the factors to heat 
indicate that while they may all be associated with 
the 7S component of y-globulin, the molecules for 
the factors are qualitatively different. At least three 
molecules or active sites must exist, one for Gm® 
and Gm, one for Gm>, and one for Gm-like. 

Among white individuals three alleles exist at the 
Gm locus, @m*, G@m® and Gm? (Grubb and Laurell’, 
Harboe* and Harboe and Lundevall‘). These three 
alleles seem to determine two qualitatively different 
molecules as judged by their reactions to temperature, 
one for Gm», and one for Gm® and Gm*. Among 
Negroes there appears to be an allele @m™ (Steinberg, 
Stauffer and Boyer’) and an allele or a separate 
gene, Gm-like®. It is interesting that Gm (b +) 
in the Negro as determined by the allele Gm® is 
stable while Gm-like (+) which appears to be 
‘serologically’ related to Gm> (Sylvia Lawler, per- 
sonal communication, and unpublished results of 
the authors) is not. The rare Gm (a —) sera from 
Negroes become Gm (a +) on heating while the 


similarly rare Gm (b —) sera from Negroes do not 
change. 


This is to be expected because these factors 
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are probably determined by from white 


ancestors. 


genes 


ARTHUR G. STEINBERG 
RACHEL STAUFFER 
Department of Biology. 
Western Reserve University, 
Cleveland, Ohio. March 21. 
1 Grubb, R., Acta Path. Microbiol. Scand., 39, 195 (1956 
* Grubb, R., and Laurell, A. B., Acta Path. Microbiol. Scand... 39, 399 
(1956). 
* Harboe, M., Acta Path. Microbiol. Scand., 47, 191 (1959). 
. ——. M., and Lundevall, J., Acta Path. Microbiol. Scand., 45, 357 
(1959). 
5 Steinberg, A. G., Giles, Brenda Dawn, and Stauffer, Rachel, Amer, 
J. Human Genet., 12, 44 (1960). 
* Grubb, R., Acta Haemat., 20, 246 (1958). 
? Miiller-Eberhard, H. J., Kunkel, H. G., and Franklin, E. 
Soc. Exp. Biol. N.Y., 98, 146 (1956). 
* Franklin, E. C., Holman, H. R., Miiller-Eberhard, H. J., and Kunkel 
H. G., J. Exp. Med., 105, 424 (1957). 
* Sonneborn, T. M., Proc. U.S. Nat. Acad. Sci., 34, 413 (1948). 
‘° Steinberg, A. G., Stauffer, Rachel, and Boyer, S., Nature (in the 
press). 


C., Proe, 


PATHOLOGY 


inhibition of Aerobic Glycolysis in 
Yoshida Ascites Hepatoma by Tartronic 
Acid 

THE inhibition of lactic dehydrogenase should 
allow a blocking of aerobic glycolysis of neoplastic 
cells, thus depriving them of a high percentage of 
adenosine triphosphate without damaging the normal 
cells which, in conditions of normal functional activity 
and sufficient oxygen supply, do not need this 


enzyme’. According to this premise, the action of 
tartronic acid, which is a lactic dehydrogenase 


inhibitor?.4, on the growth of Yoshida’s ascites 
hepatoma and Ehrlich’s ascites tumour was studied’. 

The present experiments were carried out to 
ascertain what are the tartronic acid concentrations 
needed to attain in vitro a significant inhibition of 
aerobic glycolysis of the intact cells of Yoshida’s 
ascites hepatoma. Experiments were also performed 
to ascertain whether parabanic acid, which is 3 
strong lactic dehydrogenase inhibitor of Bacterium 
coli*, also inhibits aerobic glycolysis of the same 
tumour. 

Each experiment was carried out as follows: 
3 flasks (I, II, III) were used, each containing | ml. 
of phosphate buffer solution (pH 7-4). In flasks | 
and II 0-5 ml. of saline containing 1-6 per cent 
glucose was added. In flask III was added 0-5 ml 
of the same solution containing also the acid under 
test, neutralized with sodium hydroxide. The phos- 
phate buffer solution had been obtained by mixing 
43 volumes of 0-154 M disodium hydrogen phosphate 
with 10 volumes of 0-154 _M sodium dihydrogen 
phosphate. After having brought the contents o! 
the flasks up to 37°, to each one was added 0-5 ml. 
ascitic fluid which had been withdrawn immediately 
before from a rat having borne ascites hepatoma 
for 7-8 days. Lactic acid concentration was measured 
in the contents of one of the two flasks (I) without 
the acid under test, immediately after addition of 
ascitic fluid ; the same determination in the contents 
of the other two flasks (II and III) was made after 
1 hr., during which the flasks were uninterruptedly 
shaken at 37° in air. Thus the amounts of lactic 
acid formed with and without the substance under 
test were assessed. At the end of the experiment 
care was taken to check the pH of the contents 0 
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the flasks (IL and III) to make sure it had not been 
modified. For the determination of lactic acid, 
0-5 ml. of the contents was removed and poured 
into 8 ml. of 9 per cent trichloracetic acid solution. 
After centrifugation the lactic acid content of the 
supernatant 0-5 ml. was determined by the method 
of Barker and Summerson‘, taking precautions as 
suggested by Le Page’. 

It had been established in previous experiments 
that neither tartronic nor parabanic acid, which may 
be present in the sample tested for lactic acid de- 
termination, interferes with Barker and Summerson’s 
method. 

Tartronic acid employed for these experiments was 
synthesized in the Institute of Organic Chemistry, 
University of Bologna, according to Bak’s method* 
(m.p., 154-156°). Parabanic acid was supplied by the 
Nutritional Biochemicals Corporation, Cleveland 
(m.p., 207°). 


TARTRONIC ACID 
ugm. of lactic acid formed in 


Concentration of 1 hr. by 0-5 ml. ascitic fluid Inhibition 
tartronic acid Without With (per cent) 
when present tartronic acid tartronic acid 

10? M 1,856 1,428 23 
612 435 29 
816 585 28 
1,115 816 27 

Mean values 
1,100 316 26 
2x 10° M 1,394 972 30 
1,244 830 33 
1,244 768 38 
979 619 37 

Mean values 
1,215 797 34 
5x10? M 1,856 836 55 
952 360 62 
748 292 61 
1,027 435 58 

Mean values 
1,146 481 53 

PARABANIC ACID 
vgm. of lactic acid formed in 

Concentration of 1 hr. by 0-5 ml. ascitic fluid Inhibition 
parabanic acid Without With (per cent) 
when present parabanicacid parabanic acid 

10-* M 1,802 1,802 

9 925 925 
2x10° M 1,074 1,156 
“< 3864 911 

5x 10° M 1,217 1,312 
639 714 

1,020 1,020 


Results are given in Table 1. It appears that while 
the amounts of lactic acid produced are subject to 
considerable variations from one experiment to 
another, comparison of the lactic acid produced in 
each single experiment by the same ascitic fluid with 
and without tartronic acid shows a constant ratio. 
Variations in the production of lactic acid from one 
experiment to another are in close relationship, as 
was seen in previous unpublished experiments, with 
the amount of neoplastic cells in the ascitic fluid, 
which is greatly different from animal to animal. 
The present experiments show that concentrations 
of 10* M, 2 x 10° M and 5 x 10-* M inhibit the 
aerobic glycolysis of Yoshida’s ascites hepatoma at 
arate of 26, 34 and 58 per cent, respectively. On the 
contrary, parabanic acid, even at a concentration of 
® x 10° VM, has no inhibitory action on the aerobic 
glycolysis of this tumour. 

Further experiments will be carried out to ascer- 
‘ai what concentrations of tartronic acid can be 
attained in vivo. Of interest in this connexion is the 
observation? that tartronic acid is not transformed 
by animal tissues, and that 15 hr. after intramuscular 


administration of 40 mgm. tartronic acid in the rat, 
only 27 per cent is found in the urine. 
L. FroMe 


Institute of General Pathology, 
University of Bologna. 

1 Fiume, L., Boll. Soc, Ital. Biol. Sper., 34, 434 (1953). 

* Quastel, J. H., and Wooldridge, W. R., Biochem, J., 22, 689 (1928). 

* Fiume, L., and Reggianini, O., Boll. Soc. Ital. Biol. Sper., 33, 234 
(1957). 

* Barker, 5S. B., and Summerson, W. H., J. Biol. Chem., 188, 535 
(1941). 

® Le Page, G. A., in ““Manometric Techniques”, edit. by Umbreit, 
W. W., Burris, R. H., and Stauffer, J. F., 104 (Burgess, Minne- 
apolis, 1948). 

* Bak, B., Ann. Chem., 587, 286 (1939). 

* Rieben, W. R., and Hastings, A. B., Helvetica Physiol. et Pharmacol. 
Acta, 4, C, 52 (1946). 


The Ouchterlony Technique using Antigen 
or Antiserum labelled with lodine-!31 


THE Ouchterlony agar plete technique’ has been 
used a great deal for the analysis of antibody-antigen 
systems, but it was not until recently that it wes used 
quantitatively? An autoradiographic ager plate 
technique employing radioactive proteins has been 
described by Perlmann and Hultin® for the demon- 
stration of proteins in complex systems, but their 
method was not in any way quantitative. 

A quantitative method employing either antigen 
or antiserum labelled with iodine-131, cellulose 
acetate paper, and autoradiography has recently 
been found useful for certain purposes in our labora- 
tory. 

In an earlier series of studies, agar was used as the 
diffusion medium. 4 ml. of 2 per cent agar was 
distributed in a thin layer (about 1 mm. thick) on a 
glass slide. The antigen and antiserum were placed 
in small holes in the agar opposite each other, and the 
slide was left to stand in a moist atmosphere for some 
days. Free antigen and antibody were washed out 
by immersing the slide in saline containing merthio- 
late for 1-2 days. It was then dried and placed in 
contact with an X-ray film for a few days. The 
distribution of bands of radioactive antibody— 
antigen precipitate could clearly be seen on the 
developed film. Afterwards it was found more 
convenient to use céllulose acetate paper instead 
of agar as diffusion medium (suggested by Kohn, 
J., personal communication). The details of the 
procedure are as follows: Strips or disks of ‘Oxoid’ 
cellulose acetate paper (‘Oxoid’ membrane filter 
strips and disks obtained from Messrs. Oxo, Ltd. 
(Med. Dept.), 16 Southwark Bridge Road, London) 
of the appropriate dimensions are prepared as follows : 
A ball-point pen is used to mark the spots on each 
strip where the antigen solution and antiserum are to 
be placed. For example, in the case illustrated in 
Fig. 1, a row of 8 dots about 1 cm. apart was made 
for the antigen and another parallel row, with the 
same spacing, was made for the antiserum 0-8 cm. 
from the antigen row. The strip is ‘floated’ on phos- 
phate buffer pH 7-6 so that the liquid soaks in of 
its own accord. It is then taken out and ‘blotted’ 
on filter paper. The antigen and antiserum solutions 
are then applied to the appropriate spots in I-ul. 
quantities with a micro-constriction pipette. Either 
the antigen or the antiserum is labelled with iodine- 
131. As soon as all the solutions have been applied 
the strip is placed in oil ‘Whitemor 120’ (kindly 
supplied by the Manchester Oil Refinery (Sales), 
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Autoradiograph of the reaction between human serum 
albumin (labelled with iodine-131) with rabbit anti-human 
albumin serum on cellulose acetate strips. Labelled human 
serum albumin 0-5 wgm./xl. was used as antigen. lvl. antigen was 
applied to the cellulose acetate paper 0-8 cm. from luli. of the serum 
dilutions. Rabbit anti-human albumin serum diluted as follows 
1/1, 1/4, 1/16, 1/64, 1/128, 1/256, 1/512, and 1/1,024 beginning at 
the left-hand side 


Fig. 1. 





I 


ction between human serum 


2 Autoradiograph of the 1 
Ubumin labelled with iodine-131 with dilutions of rabbit anti- 


human albumin serum on cellulose acetate disk. 2 wl. iodine-131 

labelled human serum albumin (0-5 «gm./zl.) were placed in the 

entre. 1 ul. of the serum dilutions was applied 1 em. from the 

entre i. 1/1 dilution: B, 1/4 dilution: C, 1/16 dilution; D, 
1/64 dilution, and £, 1/128 dilution 


Ltd., 76 Jermyn Street, London, S.W.1) for 24 
hr. (Kohn, J., personal communication), after which 
it is removed, quickly rinsed in ether, and put into 
phosphate buffer, pH 7-6, for 2-4 hr. After the 
strip hes been ellowed to dry completely between 
two pieces of filter paper it is placed m direct contact 
with an X-ray film (‘Kodirex’) in complete darkness 
for a few few days depending on the 
specific activity end quantity of the material labelled 
with iodine-131. The film is developed by the usual 
procedure. 

Figs. 1 and 2 show typical pictures obtained when 
@ constant amount (0-5 ugm./ul.) of humen serum 
albumin lebelled with iodine-131 was applied to strips 
or disks of cellulose acetate and tested against twofold 
and fourfold dilutions of rabbit anti-human albumin 
The last dilution of antiserum to 
detectable precipitate in Fig. 1 contained 
1 ugm. antibody nitrogen/ml. 

Similar results were obtained when rabbit y-globulin 
against human albumin wes lebelled with iodine-131 
(according to the technique of McFarlane‘) and tested 
against unlabelled human serum. 

The advanteges of this procedure are sensitivity 


hours or @ 


give @ 


about 


serTuln. 


and that it requires only very small amounts of 
antiserum and antigen. 
Joan M. RHODES 


Tuberculosis Immunization Research Centre, 
c/o Statens Seruminstitut, 
Copenhagen. 


Ouchterlony, O., Acta Path. Microbiol. Scand., 25, 186 (1948). 
Wright, 8. T. C., Nature, 183, 1282 (1959). 
Perlmann, P., and Hultin, T., Nature, 182, 1530 (1958). 

* McFarlane, A. S., Nature, 182, 53 (1958). 
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Pathogenicity of Metarrhizium anisopliae 
(Metch.) Sor. and Beauveria bassiana (Bals,) 
Vuill. to Two Species of Elateridae 


Durine 1950-59 numerous elaterid eggs, lary». 
pup and adults died and became ‘mouldy’ in rearing 
or storage at the Saskatoon Research Station. Seven 
fungi were isolated from such specimens in 1959. Ip 
initial screening trials, only two of these, Metarrhiziwy 
anisopliae isolated from a larva, and Beauwveria 
bassiana from an adult of Hypolithus bicolor Esch,, 
increased the rate of mortality of this elaterid and of 
Ctenicera aeripennis destructor (Brown). These fungi 
have not been recorded previously from H. bicolor, 
and Beauveria has not been recorded from C. «a. 
destructor. It was of interest, therefore, to determine 
whether they are primary pathogens of these elaterids. 
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Fig. 1. The mortality of Hypolithus bicolor (left) and Ctenicera 
aeripennis destructor larve in soil infested with Metarrhiziu 
anisopliae (- ), and not infested (————) 


Larve that were in, or near, the last instar and 
female adults were collected in the field and stored at 
5° C. For the tests, the larvae were placed in soil in 
individual salve boxes, and the adults on blotting 
paper in plastic boxes, five of each species per box 
They were exposed to the fungi by uniformly infesting 
the soil in which the larvee were placed and by spraying 
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Fig. 2. The mortality of Hypolithus bicolor larve in s | infested 
with Metarrhizium anisopliae ( ), infested with Beaureré 


bassiana (0 0 0 0), and not infested ( 
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Fig. 3. The mortality of female adults of Hypolithus bicolor (left), 
and Ctenicera aeripennis destructor, inoculated with Metarrhizium 
anisopliae (-- —- —), Beauveria bassiana (0 0 o 0), and uninoculated 


(————— 


the adults directly with aqueous suspensions of spores. 
The suspensions were prepared from cultures of the 
fungi on a glucose—nitrate agar medium. Generally in 
a test the numbers of larvz or adults of a species were 
10 in the control and 20 in the treated series. The 
insects were kept at 20° C. during the tests. 

As shown in Fig. 1, Metarrhizium increased the 
rate of mortality of the larve of the two elaterid 
species, but the larve of C. a. destructor appeared 
more resistant to it than were those of H. bicolor. 
Beauveria increased the rate of mortality of H. 
bicolor (Fig. 2). In an initial screening test it did not 
increase the incidence of mortality among larval 
populations of C. a. destructor. Both fungi increased 
the rate of mortality of the adults of the two elaterid 
species, which appeared about equally susceptible 
(Fig. 3). Beauverta was less virulent than Metar- 
rhizium to the larval (Fig. 2) and adult (Fig. 3) stages 
ofthe elaterids. The respective fungi were re-isolated, 


even after surface disinfection, from the majority of 


larve and adults that died in the treated series. The 
fungi were not obtained from the dead insects of the 
control series. The results therefore indicate that the 
two fungi are primary pathogens of one or more 
stages of H. bicolor and C. a. destructor. 

Metarrhizium anisopliae and B. bassiana have been 
reported from other elaterid species'-*, but tests 
indicated that they were generally only mildly 
virulent®,4,5. It is interesting to note, therefore, that 
these fungi are highly virulent to some stages of the 
two most common elaterid species in Saskatchewan, 
and that they differ in virulence to species and to 
stages within a species. Further work is in progress 
to determine the nature and extent of these differ- 
ences, 

We are indebted to Dr. D. M. MacLeod for confirm- 
ing the species identification of the fungi. 


R. D. Trnuine 
R. Y. ZAcHARUK 


Research Station, 
Research Branch, 
Canada Department of Agriculture, 
Saskatoon, 
Saskatchewan. 
‘Mail, G. A., J. Agric. Res., 41, 571 (1930). 
*Thomas, C. A., Entomol. News, 43, 149 (1932). 


Charles, V. K., U.S. Dept. Agr., Bur. Pl. Ind, Insect Pest Survey Bull., 


21, 770 (1941). 
‘ 
‘ Rox kwood, L. P., Ann. Entomol. Soc. Amer., 48, 495 (1950). 
Fox, C, J. S., and Jaques, R. P., Can. Entomologist, 90, 314 (1958). 
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A Rapid Method for studying Tumour Blood 
Supply using Lissamine Green 


Goldacre and Sylvén'! have described a method for 
making visible those regions of solid malignant 
tumours supplied with flowing blood. They used a 
high blood concentration of the triphenylmethane 
dye, lissamine green (Gurr), which turned the whole 
animal green except where there were barriers. 
Ten to twelve days following the transplantation of 
sarcoma 37, mammary carcinoma and _ Erhlich 
Landschiitz tumours in mice and Walker sarcoma in 
rats it was observed that vascular obstruction 
occurred, confining the flowing blood to a thin surface 
layer of the tumour. Tumours measuring 1-3 cm. 
across had a white centre and a green periphery. The 
dye does not penetrate the living cell membrane but 
the surrounding tissues become green due to the green 
blood in them and the green interstitial fluid derived 
from the blood. Extensive regions not supplied with 
flowing blood but with a thin coating layer supplied 
with blood were also found in various large spontane- 
ous and methylcholanthrene-induced tumours of 
rodents. Cells dissected out from the non-coloured 
tumour region were found to be dead except when 
within about 300. from the green region, where 
mixtures of living and dead cells were found. 

As an extension of this work, lissamine green 2 per 
cent solution in Ringer’s solution is being used to 
study the blood supply in spontaneous tumours 
occurring in the dog and cat. Preliminary experi- 
ments with rats and mice, injecting 1 ml. into the 
tail vein in mice and 8 ml. in rats, confirmed that the 
whole animal turned green except for the brain and 
the spinal cord, the interior of the eye, the material 
on the fcetal side of the placenta, and to a large 
extent the testis, ovary and mammary gland. 
Essentially the same picture has been found after 
intravenous injection of the dye in the guinea pig, 
cat and dog. Smaller quantities of the dye—2-4 ml. 
per kgm. body-weight—have been used in dogs and 
cats. This does not appear to be toxic, as one normal 
dog showed no ill effects and the green colour had 
disappeared within 48 hr. Postmortem examination 
of the injected dogs showed the testicles to be green, 
though paler than in many other tissues. Using this 
lower concentration of dye in the blood stream, the 
liver and lungs retained some of their original colour. 
The pituitary and meninges were green but no green 
colour crossed to the brain. An area of hemorrhage 
and necrosis in a cerebral hemisphere of one dog 
remained free from green coloration. 

Three cats and five dogs affected with spontaneous 
tumours were anzsthetized with sodium pentobarbi- 
tone and injected intravenously with 2 per cent 
lissamine green in Ringer’s solution. 3-5 min. later 
a lethal dose of sodium pentobarbitone was given 
intravenously and postmortem examination carried 
out. Table 1 shows the tumours studied and the 
results. There was complete or almost complete 
distribution of lissamine green throughout the tumour 
tissue in squamous cell carcinomas in cats. A similar 
picture occurred in a lipoma in a dog and in all meta- 
stases less than 1 cm. across in the lungs and kidney 
arising from an osteo-sarcoma of the humerus in a 
dog. The distribution of lissamine green in other 
cases showed that some vascular obstruction occurred 
near junctions of viable and necrotic tumour tissue. 
Thus in the large (14 cm. diameter) osteo-sarcoma 
of the humerus there was a diffuse green distribution 
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Table 1 
Tumour Location Primary Secondary Green Not green Remarks 
Squamous cell carcinoma. Larynx ° ° Few scattered small white areas 
Cat 1 mm. across 
Sabmaxillary e 
lymph node 
Squamous cell carcinoma, Pharynx ° ° Few scattered small white 
Cat areas 1 mm. across 
Squamous cell carcinoma. Tonsil, pharynx, ° ° Few scattered small whit. 
Cat tongue areas 1 mm. across 
Retropharingeal 
lymph node. ° 
Lungs 
Lipoma Dog Shoulder ° bd Tumour size, 10 em. x 2 
em. x 7-5 em. 
Osteosarcoma. Dog Humerus ° ° Thin layers surrounding cysts 
pale green or white 
Lungs ° ° Size, 0-1-1 em., all greea 
One metastasis 
3 cm. across 
Kidney ° 
Seminoma. Dog 1 Testicle ° bg White, with few small areas 
of pale green 
Seminoma Dog 2 Testicle ° ° 
Spheroidal-celled car- Subcutaneous ° ° 7 em. x 3:5 em. Dark red 
cinoma. Dog thorax. Ribs 0-5 em. at periphery and ip- 
2-6 tersecting connective tissue 
green 
Lung ° 1 em, across. Some central 


throughout the tumour, except for areas of 1-3 mm. 
thickness surrounding cysts and occurring mainly in 


the centre of the tumour mass. The large number of 


lung metastases, 0-1-1 cm. diameter, stood out 
sharply as round, deep green lesions, in contrast to 
a background of pink and pale green lung tissue. 
One larger metastasis about 3 cm. in diameter was 
full of caseous white material and surrounded by 
non-green tumour tissue except at the extreme 
periphery. Seminomas remaining white were found 
on histological examination to be essentially cellular 
with little other tissue. Smaller areas appearing 
green were nearly all connective tissue. A spheroidal 
celled carcinoma in an old dog showed a striking 
colour contrast similar to that described by Goldacre 
and Sylvén' in malignant tumours of mice. This 
large circular tumour with central necrosis and 
hemorrhage extended a distance of about 7 em. in 
the deep subcutaneous tissues from the second to the 
sixth ribs. A peripheral layer of about 0-5 em. and 
the intersecting connective tissue in the tumour 
substance were green. The remainder of the tumour 
was dark red. Secondary deposits in the lungs were 
green, some showing grey-white areas centrally. 
This vascular obstruction or blood tumour barrier 
is not strictly comparable to the blood brain barrier. 
Goldacre and Sylvén found that dyes such as neutral 
red and methylene blue, while having a similar 
distribution in tumour tissue, were unlike lissamine 
green in that they entered the brain. Recognition 
that this blood tumour barrier may occur in some 
spontaneous tumours of domestic animals but not in 
others is of fundamental importance in the attempted 
treatment of neoplasia when surgery is not ‘practic- 
able. In those tumours showing complete green 
coloration it would be theoretically possible, using 
systemic chemotherapeutics, to destroy all the 
malignant cells. In other tumours, viable cells lying 
between the necrotic centre and the periphery of the 


areas grey-white 


tumour would be exposed to a relatively low concen- 


tration of drugs administered systemically, thereby 
seriously interfering with cancer chemotherapy. 


I wish to thank Mr. A. R. Jennings for help with 


the histological examination of these tumours. 
L. N. Owen 
University of Cambridge 
Department of Veterinary Clinical Studies, 
School of Veterinary Medicine, 
Madingley Road, 
Cambridge. 


* Goldacre, R. J., and Sylvén, B., Nature, 184, 63 (1959). 


IMMUNOLOGY 


6-Mercaptopurine in Immunological 
Responsiveness 


Schwartz and Demeshek!? have reported tl 


“apparent production of immunological tolerance 2 


rabbits by the administration of a purine analogue. 


6-mereaptopurine. Rabbits receiving concomitanth 
human serum albumin and 6-mercaptopurine failed 
io develop an immune response to the protell 
antigen, and weeks later, when antigen clone we 
edministered, the animals remained tolerant. In an 
effort to confirm this finding and to explore th 
possible effects of 6-mercaptopurine on homogrefts i 
rabbits, two groups of rabbits received injections 6! 
ovalbumin in Freund’s adjuvant and were grafted 
with skin from a common donor rabbit. One of thes 
groups received 6-mercaptopurine in the maximun 
dose employed by Schwartz and Dameshek, the othe 
group serving as controls. The 6-mercaptopurine di 
not produce immunological tolerance for ovalbummn 
nor did it result in successful homografts. 

Each of seven New Zealand rabbits, weighi™ 
approximately 2 kgm., received a small homograft 0! 
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Table 1. SUMMARY OF IMMUNOLOGICAL RESPONSES OF CONTROL ANIMALS AND ANIMALS TREATED WITH 6-MERCAPTOPURINE 
14-day sera 21-day sera 
Rabbit Day animal died Day of homograph | | = 
Group No. (post-graft) change* Antibody N, | Antibody N, 
(ugm./ml.) PCA titre (vgm./ml.) | PCA titre 
Controls 25 | Alive at 75 days 19 27 ae 70 = 
| 26 | Alive at 75 days 23 40 640 17% 640 
| 29 Alive at 75 days 17 10 | -— 56 | _— 
} | 
6-Mercaptopurine- 30 33 | 22 | 0 | <20 | 12 | 160 
treated 31 17 | Viable at death 0 <20 } _ —_ 
32 Alive at 75 days 5 | 0 | <20 ot | <20t 
33 20 Viable at death 0 <20 | —_ | _ | 





* First detectable difference between autograft and homograft reactions. 





+ After secondary antigenic stimulation (see text) the serum contained 105 micrograms of antibody nitrogen/ml. 


PCA, Passive cutaneous anaphylaxis. 


skin from the back of a common donor rabbit on to 
2 site prepared on the left ear. Similarly, an auto- 
graft of skin from the back of each rabbit was sutured 
into a site prepared on its own right ear. Four of 
these animals received daily intramuscular injections 
of 6-mercaptopurine (6 mgm./kgm./day) for 14 deys, 
the first injection being given the day prior to 
operation. Three rabbits served as controls. On the 
third and the tenth post-operative days, a mixture of 
ovalbumin (8-4 mgm. ovalbumin nitrogen) and 
complete Freund’s adjuvant was injected subcutane- 
ously. Those animals surviving for 21 days were bled 
on the fourteenth and twenty-first days. Two of the 
rebbits treated with 6-mercaptopurine died within 
20 days of operation. One of the rabbits (No. 32) 
receiving 6-mercaptopurine was re-injected sub- 
cutaneously with ovalbumin and Freund’s adjuvant 
on the forty-eighth day and on the fifty-sixth day 
after operation. On the sixty-first day after opera- 
tion, this animal was bled again. The skin grafts 
were Observed at intervals throughout the period of 
the study. 

Anelyses for anti-ovalbumin antibody included : 
(1) quantitative precipitin studies*, and (2) passive 
cutaneous anaphylaxis‘. In the latter method, 
dilutions of sera (1:20 to 1: 640) were injected 
intradermally (0-1 ml.) into guinea pigs. Two hours 
later, 5 mgm. of ovalbumin in 1-0 ml. of 1 per cent 
Evans blue dye were injected intravenously. Thirty 
minutes after injection of antigen, the animals were 
killed and the extent of bluing noted. The 
passive cutaneous anaphylaxis titre was that dilution 
of serum which gave an area of bluing of 5 mm. or 
more in diameter. 

Results are summarized in Table 1. The sera of 
control animals contained precipitins against oval- 
bumin (both 14-day and 21-day bleedings). Preci- 
pitating antibodies were not detectable in the 14-day 
sera of the 6-mercaptopurine-treated animals and the 
potentially more sensitive passive cutaneous ana- 
phylaxis reactions were negative. One of the two 
enimals treated with 6-mercaptopurine that survived 
beyond 21 days had precipitins demonstrable in the 
21-day serum, and the other rabbit (No. 32), when 
restimulated with ovalbumin and adjuvant, developed 
precipitating antibodies. Homografts were rejected 
in all animals living beyond 21 days. Rabbit No. 32, 
which had the poorest initial immunological response 
‘o ovalbumin, had the longest surviving homograft 
(35 days). Autografts were successful in all 
animals, 

The number of animals in the present study was 
small. The two animals treated with 6-mercapto- 
purme that survived beyond 21 days developed 
‘trum precipitins against ovalbumin, although there 
Was unequivocal suppression of immune response 





during such treatment. The difference between these 
results and those of Schwartz and Dameshek is prob- 
ably related to the method of antigenic stimulation. 
Incorporation of an antigen in complete Freund’s 
2djuvant provides a maximal stimulation, while a 
single intravenous injection of a soluble protein 
antigen is a weak stimulus. During treatment with 
6-mercaptopurine, animals lost varying amounts of 
weight (average loss 14 per cent initial weight). (Not 
included in the table of results were three additional 
rabbits treated with 6-mercaptopurine that died 
before completion of their course of the drug.) The 
lesser immunological response during administration 
of 6-mercaptopurine may be an expression of general 
inenition of the animals rather than a specific altera- 
tion of nucleic acid metabolism. 

This work was supported in part by a grant from the 
U.S. Public Health Service. 

Note added in proof. Delayed rejection of homo- 
grafts with 6-mercaptopurine treatment and the 
failure of 6-mercaptopurine completely to suppress 
antibody formation, when antigen was incorporated 
in Freund’s adjuvant, have been noted in recent 
reports (Meeker, W., et al., Proc. Soc. Exp. Biol Med., 
102, 459 (1959); and Hoyer, L., et al., Fed. Proc. 
19, 208 (1960). 

Joun L. RoBINsON* 
CHARLES L. CHRISTIAN 
Department of Medicine, 
Columbia University College of 
Physicians and Surgeons, 
and 
Edward Daniels Faulkner 
Arthritis Clinic of the 
Presbyterian Hospital, 
New York. 


* Supported by Student Research Fellowship from the New York 

State Chapter of the Arthritis and Rheumatism Foundation. 

1 Schwartz, R., and Dameshek, W., Nature, 183, 1682 (1959). 

* Schwartz, R., Eisner, A., and Dameshek, W., J. Clin. Invest., 38, 
1394 (1959). 

* Kabat, E. A., and Mayer, M., “Experimental Immunochemistry” 
(C. C. Thomas, Springfield, 1948). 

‘ Ovary, Z., Internat. Arch. Allergy and App. Immunol., 3, 162, 293 
(1952). 
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Expanded Ilio-Sacral Joint in the Toad 
Xenopus laevis 
Tue pelvis of Salientia is characterized by very 
long ilia which connect with transverse processes of 
the sacral vertebre. In some Salientia these pro- 


cesses are greatly expanded laterally. The functional 
significance of this modification was, however, not. 
clear’. 
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The pipid species Xenopus laevis, the South African 
clawed toad, provides an interesting example of this 
modified condition. The Pipide are non-jumping 
but powerfully swimming forms ; the upper (anterior) 
ends of the two ilia are in contact over a large area 
with the lateral edges of the expanded wing-like 
transverse processes of the sacral vertebra (Figs. 
la and b). Green*, Gadow® and Grobbelaar* regarded 
this contact as a more or less rigid joint ; Ridewood* 
and Nauck*, on the other hand, described the joint 
as movable though without commenting on its 
musculature. 

Dissection of a freshly killed Xenopus shows that 
the vertebral column slides freely backwards and 
forwards on the pelvic girdle, in a groove in the medio- 
dorsal aspect of the ilia. In the living animal a slow- 
motion cinematograph film revealed a 20 per cent 
range of extension and contraction of the total body- 
length as a result of this movement ; in one specimen 
the ‘normal’ trunk-length of 9-5 cm. could be contracted 
to 8-5 em. or, when the hind-feet pushed against 
a solid surface, expanded to 10-0 cm. 

Two pairs of muscles control this movement 
(Fig. 2). The coecygeo-iliac muscles (A) serve to 
extend the body by projecting the trunk forwards in 
relation to the anterior surface of the ilia. The 
ilio-lumbar muscles (B) draw the pelvic girdle for- 
wards with respect to the vertebral column. This 
pair has its insertion on the lateral aspect of the ilia, 
There are two positions of origin (i) from the latero- 
ventral side of the 2nd—5th vertebra, as in Rana, 
and (ii) from backwardly curving processes from 
the 4th vertebre. These processes are derived 
from the ribs of the tadpole and are found also 
in Pipa’. 














a b 


Fig. 1. Girdle and vertebral column to show the sliding articulation. 
a, from the lateral side ; 5, from the dorsal side 
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Girdle and vertebral column from the ventral side with 


Fig. 2. 
relevant muscles emphasized 


In Xenopus, the whole propulsive effort in swim- 
ming and in burrowing occurs in one plane. The 
forward thrust of the hind-limbs must be transmitted 


through the coccygeo-iliac muscles. These muscles, 
together with their antagonists, will provide an effec- 
tive shock-absorbing mechanism and assist in drawing 
the hind-limbs forward into the mud during under- 
water burrowing. 

This work was done in the Department of Zoology 
of the University of Bristol. I am grateful for valu- 
able assistance from Prof. J. E. Harris and Dr. H. P. 
Whiting. 


MARGARET PALMER 


Department of Zoology, 
The University, 
Bristol, 8. 


1 Noble, G. K., “The Biology of the Amphibia” (McGraw-Hill, ¥.Y. 
(1931)). 

* Green, T. L., Proc. Zool. Soc. Lond., 1259 (1931). ; 

* Gadow, H., “Amphibia and Reptiles”. “The Cambridge Natur 
History” (1901). 

* Grobbelaar, C. S., Z. ges. Anat. (Abt. 1, Z. Anat.), 72, 131 (1924). 

® Ridewood, W. G., Anat. Anz., 13 (1897). 

* Nauck, E. T., Vergl. Anat. (Bolk et al.), 5 (1938). 
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Use of Collagenase in the 
Characterization of Pseudoccelomic 
Membranes of Ascaris lumbricoides 


Tue longitudinal muscle cells of Ascaris lumbri- 
vides are enclosed in sheaths that form part of the 
system of pseudoccelomic membranes covering the 
nternal organs of nematodes. The nature of these 
membranes is obscure, though Monné! demonstrated 
that they stain like collagen. Collagenous structures 
previously described in Ascaris are the cuticle and the 
basal lamella of the intestine. The collagenous nature 
of the former was inferred from the results of X-ray 
studies? and paper chromatographic analysis’, that of 
the latter from X-ray studies only*. Neither material 
showed any trace of a banded structure in electron 
nicrographs, nor did X-ray diffraction photographs 
suggest the presence of long spacings. 

As the membranes are difficult to isolate in bulk for 
physical and chemical analysis, it was decided to test 
for the presence of collagen by using collagenase. 
Doubts have been expressed about the specificity of 
the collagenases present in Clostridium welchii and 
(. histolyticum filtrates, but Seifter et al.5 have shown 
that the purified collagenase of C. histolyticum 
degrades only collagen and gelatin. Robb-Smith*, 
working with mammalian tissues, showed the specifi- 
city of C. welchit collagenase under defined conditions, 
particularly when antisera are used to neutralize 
other enzymes present in the filtrate. As C. histoly- 
ticum collagenase was unobtainable, it was decided to 
follow the technique of Robb-Smith. 

Enzyme tests were carried out using a Wellcome 
Physiological Research Laboratory C. welchii filtrate 
(B 637 C) with the following specifications : collagen- 
ase, 52 k units/mgm. (22 Q units/mgm.) ; lecithinase, 
43 units/mgm.; protein, N 3-6 per cent; hyal- 
uronidase, 8 units/mgm., and a small quantity of A, a 
protease of unspecified concentration. A refined 
antiserum (RX 5755/36) of the following concen- 
trations was also supplied: anti-collagenase, 1-5 
units/ml. ; anti-lecithinase, 220 units/ml.; anti- 
hyaluronidase, 650 units/ml. ; anti-A, 6,000 units/ml., 
which should be sufficient to neutralize the in 
B 637 C. 

A solution containing approximately 1,560 k units 
(660 Q units) of collagenase was obtained by adding 
30 mgm. of B 637 C to 1-5 ml. of RX 5755/36 in 
100 ml. of Palitisch’s’ borate buffer at pH 6:8. 
Material was fixed in Carnoy’s fluid, and paraffin 
sections were cut at 10u. After the removal of 
paraffin, and hydration, the slides were incubated at 
37° C. either in collagenase solution or in buffer 
solution as control. At intervals, slides were removed, 
washed, ‘Celloidinized’, and stained by the Gomori® 
modification of the Bielschowsky-Maresch | silver 
method for collagen. 

After 6 and 10 hr., the material appeared un- 
changed; but 12 hr. and longer incubation caused 
digestion not only of the basal lamella of the intestine 
but also of the sheaths surrounding the muscle cells. 
After 16 hr. incubation, the cuticle had completely 
disappeared apart from the external cortical layer. 
Bird? has presented evidence that this layer is a 
tanned protein, so its resistance is not surprising. 
Digestion of the basal lamella of the intestine and the 
internal portion of the cuticle, as well as of the 
sheaths surrounding the muscle cells, strongly 
Suggests that the sheaths are collagenous. 
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Studies with the electron microscope are envisaged 
for the future. 

Now that the specificity of the collagenases of 
clostridial filtrates has been established’.*, its use 
could conveniently form a diagnostic test for 
collagenous materials. 

I wish to thank Prof. C. F. A. Pantin for super- 
vising this work and the Wellcome Physiological 
Research Laboratory for the gift of collagenase and 
antiserum. The investigation was undertaken during 
the tenure of an Agricultural Research Council 
Studentship. 


BaRBARA DAWSON 


Department of Zoology, 
University of Cambridge. 
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Isolation of a Phytoalexin from Pisum 
sativum L. 


THE presence of an antifungal ‘principle (or 
principles)’ produced by pods of Phaseolus vulgaris 
L. in response to infections with Sclerotinia fructicola 
(Wint.) Rhem. has been demonstrated on the basis of 
biological assays by Muller’. We now report the 
isolation of an antifungal compound produced in 
similar hypersensitivity studies using pods of Pisum 
sativum L., and describe some of its chemical, physical 
and biological properties. 

The biological conditions provided for the inter- 
action of host and fungus were similar to those 
reported by Muller’, namely, the inoculation of the 
endocarps of detached, opened pods with a fungal 
spore suspension and the recovery of the drops of 
liquid (‘diffusate’) remaining on the tissue after 
suitable incubation periods. Quantitative bioassays, 
based on the inhibition of spore-germination in seeded 
agar blocks, with S. fructicola as test organism, were 
used to determine antifungal activity. 

The active material was extracted from the crude 
diffusate by light petroleum (b.p. 55-60° C.); the 
residue was not antifungal. When concentrated 
extracts were fractionated using paper chromato- 
graphy (solvent m-propanol/water, 20:80 v/v), 
the fraction with an Rr 0-6—0-7 contained most of 
the biological activity. An antifungal compound 
from this fraction has been obtained since in crystal- 
line form by repeated re-crystallization from light 
petroleum. It is sparingly soluble in water but 
is soluble in a wide range of organic solvents. Micro- 
analyses and molecular weight determinations are 
consistent with the formula C,,H,4-,;,0,- Other 
physical properties include m.p. 61° C.; ultra-violet 
absorption maxima in water at 307 my (loge 3-85) 
and 286 my (loge 3-7); molecular optical rotation 


[a ps mall = 880 (c. = 0-1 in ethanol). The sub- 


s7s ss 
stance is stable in alkaline or neutral solution, but 
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in acid solution it loses a molecule of water and 
becomes optically inactive and almost insoluble in 
water. The ultra-violet absorption maxima are 
displaced towards the visible and intensified, max. 
358 my (log ¢ 4-5) and 342 my (log e 4-5), in ethanol. 
The infra-red spectrum of the new substance confirms 
the loss of the hydroxyl grouping. The active 
material is not phenolic, nor does it contain other 
acidic groups. 

We consider that this compound is an example of 
the biologically active class of compounds defined by 
Muller? as ‘phytoalexins’. We propose that the 
trivial name of this compound should be ‘pisatin’ 
after the host plant from which it was originally 
isolated. S. fructicola wes the main fungus used 
in this work ; however, the same antifungal com- 
pound was identified in the diffusates on pea pods 
after inoculation with a random selection of both 
facultative (Ascochyta pist Lib., Cladosporium sp., 
Phoma lingam (Tode ex Fr.) Desm., and Septoria 
apii (Briosi and Cav.)) and obligate (Hrisyphe cicho- 
racearum D.C., Peronospora tabacina Adam. and 
Uromyces fabae Pers.) plant pathogens. On our 
evidence the fungus used, although necessary to 
promote the formation of the antifungal compound, 
does not appear to play any specific part in determin- 
ing the nature of the substance. 

The median effective dose (£D50) of pisatin 
required to inhibit S. fructicola was around 10°* M. 
The concentration for complete inhibition of this 
fungus was 2-8 x 10-* M. Several washings with 
sterile water of spores, treated with pisatin at 2-8 > 
10-* M for 48 hr., followed by further incubation in 
water, resulted in part-germination, indicating that 
the action of pisatin was, however, only fungistatic 
at this concentration. 

Spectroscopic and chromatographic analysis of 
diffusates from inoculation comparisons using a 
pathogen (A. pisi) and a non-pathogen (S. fructicola) 
of peas showed that pisatin was produced in both 
cases at similar concentrations. Sensitivity tests of 
these two fungi towards pisatin in vitro showed, 
however, that a concentration (2-8 x 10-* M) of 
this compound which completely inhibited germina- 
tion of S. fructicola inhibited germination of A. 
pist by only 25 per cent under the same condi- 
tions. 

Detached pods have normally been used in our 
tests ; however, pisatin has been detected at a con- 
centration adequate to inhibit completely germina- 
tion of S. fructicola in pods inoculated on growing 
plants with this fungus. Pisatin has also been 
detected in pods naturally infected with A. pisi 
under field conditions. 

Extracts prepared from Phaseolus vulgaris and 
Capsicum frutescens L. under similar inoculation con- 
ditions to those described in the earlier sections of this 
communication show antifungal activity comparable 
with extracts from Pisum sativum, and the effective 
substances can be extracted into light petroleum. 
However, the spectrophotometric evidence shows 
that pisatin is not the antifungal substance in the 
other host plants. This may indicate a degree 
of host specificity for this biological class of com- 
pounds. 

Flor‘ postulated a gene-for-gene relationship in 
host/pathogen systems. It is suggested that the 
situation required for a resistant reaction, namely, a 
host in which infection stimulates the production of a 
phytoalexin at a concentration above the threshold 


which inhibits the fungus, is consistent with this 
hypothesis. 
The interest of Dr. W. Bottomley is gratefully 
acknowledged. ; 
A full account of this work will be published 
elsewhere. 
I. A. M. CruicksHanx 
Dawn R. PERRIN 


Division of Plant Industry, 
Commonwealth Scientific and Industrial 
Research Organization, 
Canberra. 


Muller, K. O., Phytopath. Z., 27, 237 (1956). 

* Muller, K. O., Aust. J. Biol. Sei., 11, 275 (1958). 
* Muller, K. O., J. Nat. Inst. Bot., 6, 346 (1953). 
‘Flor, H. H., J. Agric. Res., 78, 335 (1946). 


BACTERIOLOGY 


Transformation of Resistance to 
8-Azaguanine in Diplococcus pneumoniae 


BeEcavsE of the importance of purine analogues in 
the chemotherapy of human neoplastic disease’, 
several investigations have been made on their mode 
of action and the mechanism of resistance* to them 
in bacterial and animal systems. 

We descrive here the induction of resistance to 
8-azaguanine in Diplococcus pneumoniae by means of 
a transformation mediated by deoxyribonucleate. 
This suggests that the acquisition of resistance to 
this antimetabolite, like many other inhibitors, 
occurs by an alteration of the genetic substance in 
cells normally sensitive to the drug and _ provides 
@ means for genetic manipulation, already shown to 
be unique in its advantages for investigations of 
gene-controlled resistance mechanisms. 

Strains resistant to 8-azaguanine were obtained by 
isolation of single cells from cultures of a rough 
variant of D. pneumoniae serially transferred in 
purine-free medium containing increasing concentra- 
tions of drug. The growth medium (Table 1) was 
that of Adams and Roe*, modified by replacing acid- 
hydrolysed casein with enzymatically digested casein ; 
adding sodium acetate; decreasing the concentra- 
tions of cystine, glutamine, asparagine, choline, 
calcium chloride, and dipotassium hydrogen phos- 
phate; and omitting tryptophan, adenine, uracil, 
and potassium chloride. By the addition of small 
amounts of specific agglutinating rabbit serum, 
growth, following the dilution of culture material 
in this medium, occurred in the form of distinct 
colonies on the bottom of the culture tube. The 


Table 1 
Component Amount/lit. Component Amounti/lit. 
Casein hydrolysate* 12-5 gm. Choline chloride 5-0 mgm. 
Sodium acetate 0-75 gm. Glutamine 100 -0 mgm. 
Glucose 2-0 gm. Sodium thio- 
l-Cystine 40-0 mgm. prot 200-0 mgm. 
Biotin 6-0 pgm. FeSO,.7H,O 0-5 mgm. 
Nicotinic acid 0-6 mgm. CuSO,.5H,0 0-5 mgm. 
Pyridoxine hydro- ZnSO,.7H,0 0-5 mgm. 
chloride 0-6 mgm. MnSO,.4H,0 15-0 mgm. 
Calcium pantothenate 2-4 mgm. MgCl,.6H,O0 0-5 gm. 
Thiamine hydrochloride 0-6 mgm. CaCl, 4-0 mgm. 
Riboflavin 0-28 mgm. K,HPO, >. gm. 
Asparagine 50-0 mgm NaHCO,t 20-0 mgm. 


H usted to 7-4 prior to sterilization by filtration. eco 
4 — casein hydrolysate (vitamin-free), General Bic whemicals, 
Inc., Chagrin Falls, Ohio. 
+ Added immediately prior to inoculation. 
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Table 2 
Deoxyribonucleic acid Resistant cells 
(No./ml. x 10*) 
Source ugm./ml. Experiment 
| —_ 
F : . 
mistant strain [R@/4ZAG(1)] | 0- 17-0] 8-41 43 
—_ . | O2 | 35 
0-1 | 25 
| 0-04 | 13 
0-02 | 0:8 
treated with ribo- 
nuclease 0-6 | 63 | 10°38 | 49 
treated with de- | 
oxyribonuclease | 0°6 | 0 0 0 
Sensitive strain | 20 | 0 0 0 


No deoxyribonucleic acid — 0 0 \|0 





enumeration of colonies in this medium made selective 
by the addition of drug formed the basis of our 
quantitative procedure. 

Deoxyribonucleic acid was prepared from cultures 
of resistant cells lysed by deoxycholate using the 
‘Duponol’ deproteinization method of Kay e¢ al.’. 
After growth of the drug-susceptible parent strain at 
37° C. for a period of 2—3 hr. in the casein hydrolysate 
medium supplemented with 0-16 per cent bovine 
albumin (Armour fraction V), deoxyribonucleic acid 
was added and the culture re-incubated for 2 hr. at 
37° C. to allow for adequate genetic expression. The 
results of typical experiments with deoxyribonucleic 
acid extracted from a strain of D. pneumoniae 
R6/AZAG(1)] resistant to 0-5 ugm./ml. 8-azaguanine 
(a 100-fold increase in resistance over that exhibited 
by the parent strain) are shown in Table 2. 

The presence of drug-resistant organisms was 
determined by diluting aliquots of the culture which 
had been exposed to deoxyribonucleic acid in the 
purine-free anti-serum medium containing 0-5 
ugm./ml. 8-azaguanine. After incubation at 37° C., 
resistant colonies were observed, with the number 
depending on the concentration of deoxyribonucleic 
acid. These colonies were assumed to arise from 
individual transformants induced by deoxyribonucleic 
acid, since none was obtained from parallel cultures 
which were: (a) not exposed to deoxyribonucleic 
acid, (b) exposed to deoxyribonucleic acid pre- 
treated with deoxyribonuclease (in 0-002 M mag- 
nesium chloride), or (c) exposed to deoxyribonucleic 
acid isolated from a parent strain susceptible to 
5-azaguanine. 

It was later determined that after addition of 
deoxyribonucleic acid only a brief period of incuba- 
tion at 37° C. (about 10 min.) was required before the 
transformed cells could be exposed to selective con- 
centrations of 8-azaguanine. This was not due to a 
rapid phenotypic expression of the newly transformed 
character but to the inability of 8-azaguanine to 
inhibit drug-sensitive cells immediately. 

All the transformants obtained with deoxyribo- 
nucleic acid extracted from strain R6/AZAG(1) 








Table 3 
a ; — 
«,... Donor Transformants 
Strain Resistanee level | Resistance level («gm./ml.) 

(“gm./ml.) First Second — 
transformation transformation | 
R6 | 9-005 i 

P « = | me 

R6 AZAG(1) 0-5 0-5 0-5 

R6/AZAG(2) 5-0 0-5 0°5 
0-8 0-8 | 
5-0 0-5 
0-8 | 
5-0 | 
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displayed a level of resistance equal to that of the 
original donor strain (first transformation, Table 3). 
On the other hand, deoxyribonucleic acid from another 
mutant strain [R6/AZAG(2)], resistant to 5-0 ugm./ 
ml. 8-azaguanine, induced more than one class of 
transformants. Following dilution of cultures exposed 
to deoxyribonucleic acid in antiserum medium con- 
taining varying drug concentrations, the majority 
of transformants were found to be resistant to either 
0-5 or 0-8 ugm./ml. 8-azaguanine, while only a few 
transformants were resistant to the same level as the 
original donor strain. In other transformations 
(second transformation, Table 3), transformants 
derived from R6/AZAG(1) and low-level transformants 
from R6/AZAG(2) all transmitted their markers 
intact. When high-level transformants from 
R6/AZAG(2) were used as donors of deoxyribonucleic 
acid, the same three classes of transformants that 
wore derived from the original donor sirain were again 
obtained. Strain R6/AZAG(1) appears to bear only 
a single genetic marker for 8-azaguanine resistance. 
The results obtained with the other donor strain, 
R6/AZAG(2), indicate a dissemination during trans- 
formation of two genetic markers in its deoxyribo- 
nucleic acid. The high-resistance level transformants 
would be expected to occur with lower frequency since 
the simultaneous addition of both markers to the 
genome of the recipient cell would be required. 

It appears that resistance to 8-azaguanine, in this 
organism at least, originates by more than one genetic 
alteration, and that the development of a specific 
level of resistance to the drug, like resistance to other 
agents, may occur in increments (stepwise) following 
the addition by successive mutations of additional 
genetic markers. 

This work wes supported by research grant 7'107 
from the American Cancer Society, by grant C Y-3192 
from the National Cancer Institute, National Insti- 
tutes of Health, Public Health Service, and by 
Contract No. SA-43-ph-2445 from the Cancer Chemo- 
therapy National Service Center, National Cancer 
Institute, Public Health Service. 
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Absence of Carbon Monoxide-sensitive 
Respiration in a Streptomycin-dependent 
Mutant of Escherichia coli grown in 
Limited Amount of Streptomycin 
Miller and Bohnhoff! were the first to report the 
existence of streptomycin-dependent micro-organisms. 
Since then various species of bacteria have been found 
to give rise to streptomycin-dependent mutants*-‘. 
The problem of streptomycin-dependency has 
been studied very little and at present is still unsolved. 
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Schaeffer found a decrease in cytochrome content 
a streptomycin-dependent mutant of Bacillus cere 
when deprived of streptomycin. Since under simil 
conditions the cytochromes of a _ streptomyci 


NATURE 


in 
us 
ar 
n- 


dependent mutant of Escherichia coli were unaffected, 
he concluded that although streptomycin may be 


necessary for the mutant strain of B. cereus 
synthesize cytochromes, its role in streptomyci 
dependent mutants of other species may be of 
different nature. 

This communication constitutes a prelimina 
report of our work on electron transport syster 
of streptomycin-dependent bacteria. 


to 
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Escherichia coli Sd-4, a streptomycin-dependent 


mutant, was used. 
surface of Roux bottles in the synthetic medium 


The cells were grown on the 


of 


Davis*, supplemented with streptomycin. For optimal 
and suboptimal growth 100 and 1 ugm. of strepto- 
mycin per 1 ml. of medium were added, respectively. 
For the preparation of non-proliferating suspensions 


an 18-hr. old culture was employed. 


Experiments on 


oxygen uptake were carried out by the conventional 


method in Warburg apparatus. 


The filling of vessels 


with the various carbon monoxide—oxygen mixtures 


was done by the evacuation method of Umbreit’. 


Qur experiments have shown that in the presence 
of all the substrates tested (glucose, pyruvate, lactate, 
malate, succinate, «-ketoglutarate, acetate, glutamate 
and serine) the rate of respiration of the non-prolifer- 
ating cells grown in sub-optimal amount of strepto- 
mycin was markedly lower than that of cells grown 


under optimal conditions. Experiments on t 
effect of carbon monoxide on the respiration of t 


he 
he 


aforementioned cells showed that the bacteria grown 
in a limited amount of streptomycin, in contrast 
to those grown under optimal conditions, lacked 
the earbon monoxide-sensitive pathway of respira- 


tion. 
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Fig. 1. Effect of carbon monoxide on respiration of non- 


proliferating cells of a streptomycin-dependent mutant of £. 
coli grown in optimal and suboptimal amounts of streptomycin. 
Each Warburg flask contained: 0-125 mgm. N bacterial sus- 
pension, 0-5 ml.; 0-1 M phosphate buffer pH 7-0, 0°5 mi. ; 
0-3 M sodium lactate, 0-3 ml, (in the side bulb, tipped after 15 min. 
of equilibration); 15 per cent potassium hydroxide, 0-2 mil. in 
the centre well: the final volume was 2-2 ml. made up with 
distilled water. The temperature of the water-bath was 37°C. 
A. Ratio of oxygen : carbon monoxide 0:1; B, ratio of oxygen: 
carbon monoxide = 0-05; continuous line, controls without 
carbon monoxide ; broken line, with carbon monoxide ; 0, cells 


grown in the presence of 100 ~gm. of streptomycin per 1 mil. 
of medium ; @, cells grown in the presence of 1 “gm. of strepto- 
mycin per 1 ml. of medium 
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A typical experiment on respiration of cells grow, 
in limited and unlimited amount of streptomycin 
and the effect of carbon monoxide on their oxygen 
uptake is shown in Fig. 1. It can be seen from the 
curves in the figure that, in the presence of lactate. 
the Qo! of the optimally grown cells is 2,240 a, 
compared to 920 of the cells grown with limited 
streptomycin. Carbon monoxide inhibits only the 
respiration of optimally grown cells, and is completely 
without effect on the respiration of the suboptimally 
grown ones. At a ratio of oxygen: carbon monoxide 
equal to 0-1 the inhibition of the total oxygen uptake 
by cells grown under optimal conditions is about 
40 per cent while the respiration of cells grown in 
limited amount of streptomycin is unaffected. On 
lowering the ratio of oxygen: carbon monoxide to 
0-05 the inhibition of respiration of the former 
increases, reaching 60 per cent, whereas the respira- 
tion of the latter remains unimpaired. As a result the 
rate of respiration of both kinds of cells becomes equal. 
We may, therefore, conclude that the low rate of 
respiration displayed by bacteria grown with limited 
streptomycin is brought about by cytochrome oxidase, 
being either absent or non-functional. 
Full results and discussion of the above findings 
in relation to streptomycin dependency will be 
reported at a later date. 
We are indebted to Dr. Demerec for his gift of the 
E. coli Sd-4 strain. This is a preliminary report on 
an investigation carried out by one of us (H. E.) in 
partial fulfilment of the requirements for the Ph.D. 
degree of the Hebrew University—-Hadassah Medical 
School. 
Hanna ENGELBERG 
M. ARTMAN 
Department of Bacteriology, 
Hebrew University—Hadassah Medical School, 
Jerusalem. 
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A Bacterial Mutant with Impaired 
Potassium Transport 


Tue transport of substances across cell membranes 
against electrochemical potential gradients is attr: 
buted to the operation of energy-dependent pumps 
in the cell membrane. However, the exact chemical 
nature of these pumps and their link to metaboli 
energy sources remain unknown. The purpose 0! 
the present communication is to report the isolation 
of a genetic variant of the bacterium Escherichia col 
(strain K-12) which differs from the original strain 
(prototroph) with respect to the accumulation and 
metabolism of intracellular potassium. (Since this 
communication was submitted, M. Lubin and D. 
Kessel, Biochem. and Biophys. Res. Comm., 2, 249 
(1960), have discussed a similar topic.) Preliminary 
evidence demonstrates that, whereas the prototroph 
transports potassium into the cell with a half-time 
of 3} min., the potassium mutant transports pot- 
assium at a rate so slow as to be scarcely detectable 

The potassium mutant, called O,x-, was isolated by 
means of the penicillin method described by Davis” 
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and Lederberg and Zinder’, with some modifications 
similar to those recently described by Gorini and 
Kaufman‘. 10 ml. of #. coli growing exponentially 
in a minimal medium containing 1 per cent glucose 
were exposed to a pre-calibrated dose of ultra-violet 
radiation calculated to reduce the viable count to 
approximately 0-1 per cent of the initial population 
size. Following a 12-24 hr. intermediate cultivation 
in an enriched medium (‘Nutrient Broth’, Difco), a 
10 ml. sample was centrifuged and the pellet washed 
three times with cold potassium-free buffer solution 

identical with the minimal medium!’ except for a mole 
for mole substitution of sodium for potassium). 

Approximately 0-1 ml. of the resuspended pellet was 

noculated into 50 ml. of nutrient broth which had 
been twice passed through an ion exchange resin 
column (‘Dowex 50°). This procedure resulted in the 
replacement of 99-96 per cent of the potassium 
initially present with sodium, reducing the concentra- 

tion of potassium from 24 mM to 0:01-0:03 mM. 
The inoculum was then shaken for 6-8 hr. at 37° C. 

intil a stationary phase was reached as was to be 
expected when intracellular potassium reserves had 
been depleted. Crystalline sodium penicillin (Nutri- 
tional Biochemical) was added to give a final con- 
centration of 10,000 units/ml. In addition, potassium 
dihydrogen phosphate was added to raise the con- 
centration of potassium in the broth to 1 mM. 

Previous studies had shown that the EF. coli proto- 
troph will grow normally at this extracellular potas- 
sium concentration, accumulating potassium against 
amore than 100-fold concentration gradient. If a 
mutant incapable of concentrating potassium were 
present, it alone should be incapable of growth in this 
enriched, potassium-poor medium, thus escaping the 
bactericidal action of penicillin on growing cells. 
A large volume of broth was used in this step to 
minimize increase in extracellular potassium following 
lysis of the potassium-rich cells. 

Following 8-10 hr. of incubation at 37° C., the 
culture was centrifuged. 0-1 ml. of resuspended 
precipitate was spread on potassium-rich agar plates 
broth, potassium > 24 mM), which were then 
incubated at 37° C. When growth had resulted in 
colonies 1-2 mm. in diameter, replicas were made on 
potassium-poor plates (broth, potassium < 1 mM). 
A single colony grew on the potassium-rich plate but 
failed to grow on the potassium-poor plate. The 
control prototroph grew equally well on both plates. 
Two repeated platings on potassium-rich and potas- 
sium-poor minimal agar plates revealed the same 
differential growth pattern, ruling out the possibility 
that the auxotroph required a nutrient which was 
inadvertently removed by the ion exchange resin. 

A series of experiments was then performed to 
compare the effect of potassium concentration on 
growth of prototroph and ®x- in minimal liquid 
media containing 1 per cent glucose. Unexpectedly, 
the growth of ® x- now appeared to be independent of 
external potassium from 0-1 to 10-5 M ; ®x- growth 
exceeded that of the prototroph below 10-* M 
potassium. This result indicated that the organism 
originally isolated,® x-, had become adapted to growth 
in the presence of potassium too low to permit normal 
growth of the prototroph. Furthermore, determina- 
tions of intracellular potassium in both prototroph 
ind ®%- grown to the stationary phase in liquid 
media of varying concentrations of potassium revealed 
‘triking differences. As shown in Fig. 1, the proto- 
‘roph maintained its internal potassium at 115-125 
m.equiv./(]. cell water) in a 10-5 M medium, whereas 
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Fig. 1. The relative growth of the Z. coli prototroph and mutant 

in media with varying concentrations of potassium as measured 

by the stationary phase optical density at 550 mz. The figures 

in the bars represent the intracellular potassium concentrations 
in m.equiv./(l. cell water) 


@®x- was characterized by significantly lower intra- 
cellular potassium. 

Potassium-42 was used to study the potassium 
fluxes in prototroph and auxotroph suspensions in 
potassium-poor minimal media. Fig. 2 shows the 
time-course of disappearance of potassium-42 from the 
extracellular phase in a suspension of freshly grown 
cells. Normal cells (1-6 mgm. dry wt./ml. suspension ; 
medium potassium = 1:25 mM) take up potassium-42 
avidly, as shown in the lower curve. An initial rapid 
phase is followed by a slower phase characterized 
by a half-time of 34 min. The points represent 
experimental results and the curve for the slower 
phase has been drawn according to two-compartment 
kinetics with an efflux transfer coefficient of 0-16/min. 
Since the cells were in the early lag phase, cell growth 
was negligible during the 12-min. kinetic study, as 
demonstrated by the observation that the fractional 
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on be seen that the original strain takes up potassium-42 


much more rapidly than the mutant. The points represent 


experimental data and the curves have been drawn as described 
in the text 
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volume of cells in the medium increased less than 5 
per cent during this period. 

On the other hand, the mutant (2-1 mgm. dry 
wt./ml. suspension ; medium potassium = 2-5 mM) 
takes up potassium very slowly. The dashed line in 
Fig. 2 has been drawn for a linear uptake of 4-5 per 
cent in 10 min. After 135 min., the specific activity 
of the auxotroph is 0-3 that of the medium, which is 
consistent with a slow rate of uptake of potassium-42. 
Since the mutant was present in a more concentrated 
suspension and exposed to a higher extracellular 
potassium concentration than the prototroph, the 
true difference in their rate of uptake of potassium-42 
is probably greater than our present estimate. As 
our studies indicate that growth of ®g- can be main- 
tained in a potassium-poor minimal medium, it 
may be inferred that the lesion in potassium transport 
resides either in the transport system or in its energy 
supply. 

In summary, our preliminary studies suggest that 
the ®x- auxotroph we have isolated differs from the 
prototroph of Escherichia coli in two respects. First, 
its ability to accumulate potassium against a con- 
centration gradient is greatly impaired. Secondly, the 
auxotroph has the capacity to adjust itself to a potas- 
sium-deficient environment. This ®,- mutant would 
appear to offer promise as a tool to investigate both 
the nature of the potassium transport mechanism 
and the role of potassium in intracellular metabolism. 

This work has been supported in part by the 
National Science Foundation and by the Atomic 
Energy Commission. 

We are grateful to Dr. B. D. Davis for his discussion 
in the early phases of the project and his assistance 
in the development of the technique, and to Mr. A. F. 
Hurley for his incisive and helpful comments. 
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GENETICS 


Mechanisms of Meiotic Non-disjunction 
in Man 


Ir is now well known that there is an abnormal 
chromosome number in mongolism in chromatin- 
positive Klinefelter’s syndrome, and in chromatin- 
negative Turner’s syndrome. It is also known that 
mongolism is associated with increased maternal 
age, and there is some evidence that a similar associa- 
tion exists in chromatin-positive Klinefelter’s syn- 
drome'? and in chromatin-negative Turner’s syn- 
drome’. In cases of chromatin-positive Klinefelter’s 
syndrome previously studied the available data 
(Table 1) provide supporting evidence that there is 
an association with, among other possibilities, in- 
creased maternal age. Fifty-four cases were classified 
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with respect to position in the sibship. Four were iy 
the centre of the sibship and of the remaining 5 
cases, 17 were in the first half and 33 in the secon 
half. This is significantly different from the expecta 
25 to 25 distribution. 





Table 1. POSITION OF PATIENT IN SIBSHIP 
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It is generally agreed that meiotic non-disjunction 
is the most probable cause of these conditions. 
Further information about the number and origin 
of X chromosomes can be obtained from colour. 
blindness studies*-°. A  colour-blind chromatin 
positive case of Klinefelter’s syndrome with colour 
normal parents could be due to a defect of oogenesis 
This was pointed out independently by Stewart 
and Stern’. Stern considers that available data on 
chromatin-positive Klinefelter’s syndrome suggest an 
abnormality of the first meiotic division but they are, 
in fact, equally consistent with a defect of the second 
meiotic division. The expected frequency of colour. 
blindness following a second meiotic abnormality 
which he quotes (8 per cent) is correct for a locus 
close to the centromere but he does not consider th 
expected frequency for a locus sufficiently far fron 
the centromere to give random segregation. Thi 
frequency of females homozygous for colour-blindnes 
is 0-5 per cent. All XX eggs from such individuals 
will be homozygous recessive for colour-blindness 
The frequency of females heterozygous for colour 
blindness is 15 per cent and with random segregation 
one-sixth of their secondary oocytes will carry th 
gene for colour-blindness on both chromatids. Non 
disjunction at the second meiotic division gives 
exceptional XX eggs and 2-5 per cent of these will 
be homozygous recessive (one-sixth x 15 per cent 
The expected frequency of colour-blindness in excep 
tional individuals due to a second meiotic abnormalit) 
is therefore 3 per cent (2-5 per cent from hetero 
zygous mothers and 0-5 per cent from homozygou 
mothers). Thus the expected limits of colour-blind 
ness incidence in exceptional individuals following 4 
abnormality of the second meiotic division of oogenes* 
are 3-8 per cent. Collection of further data maj 
provide information about the position of the colour 
blindness locus relative to the centromere, about th 
relative frequency of non-disjunction in oogenes* 
and spermatogenesis and about the state of meios* 
at which non-disjunction occurs’. 

There is good evidence that some cases of chromatit- 
negative Turner’s syndrome are due to a defect 
spermatogenesis and that some cases of chromatit 
positive Klinefelter’s syndrome are due to @ defec 
of oogenesis ; and the opposite situations probably 
oceur®. A defect of oogenesis may be assumed if a 








colour-normal case of chromatin-negative Turner* 
syndrome is found with a colour-blind mother and 
colour-normal father, and a defect of spermatogenes* 
would be indicated by a colour-normal case of chrom 
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tin-positive Klinefelter’s syndrome with a colour- 
blind mother and a colour-normal father®. Defects 
of spermatogenesis in the chromosomal intersexes 
may be related to the unequal size of the X and Y 
chromosomes with consequent failure of pairing 
leading to non-disjunction during meiosis. In 
oogenesis all chromosomes are paired, but a similar 
causal mechanism might operate for a chromosomal 
aberration such as inversion could lead to failure of 
pairing and non-disjunction. A chromosomal aberra- 
tion of this sort might be inherited or it might be 
caused by environmental influences. A possible clue 
to the mechanism is provided in the reports that 
mongolism is associated with increased maternal age 
but not with increased paternal age’, and that there is 
little increase in the number of female germ cells 
after birth?. Environmental influences, including 
temperature, hormones and those such as radiation 
which cause genetic change, may predispose to 
defects of oogenesis but not to defects of spermato- 
genesis if old women have old eggs but old men have 
young sperm. 


Joun S. S. STEWART 
Department of Surgery, 
Queen’s College, 
Dundee. 
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Ir is useful at this stage of human cytogenetics to 
keep in mind the whole spectrum of possibilities of 
chromosomal behaviour. In this sense Dr. Stewart’s 
emphasis on the possibility of non-disjunction during 
the second meiotic division is valuable. His discus- 
sion rests on the assumption that non-disjunction is 
preceded by crossing-over between homologous 
chromosomes. In my discussion of second division 
non-disjunction I had specified absence of crossing- 
over (and, thus, made no assumption as to closeness 
of the locus for colour blindness to the kinetochore). 
According to Dr. Stewart’s scheme it would follow 
that genes distantly located would less often become 
homozygous than proximal genes. This is the oppo- 
site to what is well established in Drosophila, although 
it cannot be excluded, of course, that human chromo- 
somes may behave differently. In Drosophila the 
more frequent homozygosis for distal than proximal 
genes signifies that non-disjunction preceded by 
crossing-over occurs during the first meiotic division. 

Apart from the question whether non-disjunction 
occurs during the first or second meiotic division, 
Ford’s suggestion that it may also occur in early 
cleavage cannot be dismissed’. This suggestion 
accounts for homozygosis of the locus for colour- 
blindness by mitotic non-disjunction without reference 
to crossing-over or of gene location. 

I wish to add two minor points in reference to my 
earlier communication : (1) The statement about a 
‘Maximum’ of recessive homozygosis of 16-7 per cent 
was in error; instead this frequency follows from 
random assortment. (2) The choice of 0-5 per cent 
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as the incidence of colour-blind women was made for 
the sake of a round number ; 0-45 or 0-4 per cent are 
more accurate values. 
Curt Stern 
Department of Zoology, 
University of California, 
Berkeley 4, California. 


* Ford, C. A., Amer. J. Hum, Genet., 12, 104 (1960). 


Effect of Variations in Temperature on 
Meiosis in Gagea reticulata Schultes 

PREVIOUS cytological investigations on the genus 
Gagea have been confined to eight species’. Recently, 
Malik and Sehgal* contributed to the cytology of 
one more species, Gagea reticulata Schultes. The 
haploid chromosome number determined was twelve. 
The meiotic behaviour of chromosomes, as seen from 
the dividing pollen mother cells, was regular in plants 
growing in their normal season (February). The pair- 
ing of the chromosomes was perfectly normal, followed 
by regular anaphasic separations, and resulted in a 
high degree of fertility. 

A few planis of G. reticulata were collected from 
the same locality growing late in the season (May). 
A number of meiotic irregularities were recorded in 
these individuals. These comprised non-pairing of 
chromosomes, early disjunction, the presence of 
bridges and laggards with unequal distribution of 
chromosomes at anaphases. As a result of all these 
irregularities, quantitatively equal or unequal tetrads, 
pentads and even configurations above this level were 
formed. Pollen-grains thus formed were extremely 
variable in size. 

These meiotic irregularities could not be due 
to the fixative, for in both ceses this was kept 
constant. 

Several workers have artificially induced many 
meiotic abnormalities such as desynapsis, stickiness, 
laggardism and formation of diploid spores. Sax® 
has described such meiotic aberrations after sub- 
jection to various temperatures in T'radescantia 
paludosa. Similar effects of temperature on pollen 
formation and meiosis in Hieracitum robustum have 
been reported by Gustafsson and Nygren*. Such 
chromosomal irregularities are also reported to be 
caused by various environmental conditions. Mat- 
suura and Haga® reported that normal meiosis 
occurred in Trillium kamstchaticum during winter. 
When these plants were grown in warmer tempera- 
tures, they showed a breakdown in meiosis. The 
course of meiosis wes normal in buds of G. reticulata 
plants collected in February. The abnormalities 
described above were from plants collected in May 
and apparently due to the reaction of the plant to 
its environmental factors. Since these aberrations 
were observed in the hot months of May, it is reason- 
able to assume that the extreme heat could be 
responsible for the disturbances in meiosis. In this 
connexion, it is pertinent to compare the average 
maximum temperature in these months in the seme 
locality, which during February was 18°C. and in 
May 38°C. It is tempting to suggest that the course 
of meiosis in flowers of plants in May was modified 
by high temperature to which the plant is ordinarily 
not adapted; and ever since the observations of 
Malik and Tandon’,’ on Asparagus curillus Ham. and 
Suaeda fruticosa Forsk., it has become increasingly 
clear that there is a correlation between temperature 
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and meiotic course. Khoshoo* has elso reported a 
similar situation in Sisymbrium irio, in which meiotic 
disturbances were caused by summer heat. 

A detailed account of these investigations will be 
published elsewhere. 

I am indebted to the principal of this College, Dr. 
A. N. Banerji, for providing the necessary facilities 
in connexion with the present investigations. 

C. P. MALik 

Department of Botany, 

Deshbandhu College, 

University of Delhi, 

New Delhi 19. 

* Darlington, C. D., and Wylie, A. P., “Chromosome Atlas of Flowering 

lants” (George Allen and Unwin, Ltd., London, 1955). 
* Malik, C. P., and Sehgal, S. M., J. Sei. Indust. Res., 18, c, 155 (1959), 
* Sax, Karl, Amer. J. Bot., 24, 218 (1937). 
* Gustafsson, A., and Nygren, A., Hereditas, 32, 1 (1946). 
* Matsuura, H., and Haga, T., Cytologia, 10, 382 (1940). 
* Malik, C. P., and Tandon, 8. L., Ind. J. Hort., 16, 39 (1959). 
* Malik, C, P., and Tandon, 8. L., J. Sci. Indust. Res., 18, c, 233 (1959). 
* Khoshoo, T. N., Caryologia, 11, 297 (1959). 


Race Differences in the Ability to 
excrete Beetroot Pigment (Betanin) 


It has been suggested that lack of betanin excretion 
in urine is a hereditary trait in man'. This could 
result from an inborn incapacity to metabolize the 
pigment. This communication reports a study of the 
frequencies of betanin excretors among different 
racial groups. Classification of the excretors necessi- 
tated taking into account the time-range necessary 
for excretion, the amount of beetroot eaten and the 
PH of the urine. The effect of these variables on the 
validity of the test was determined before establishing 
the following procedure. 100-150 gm. of cooked 
beetroot was given to each individual examined. 
Two test-tube samples were taken, one before and 
the other 5 hr. after the beetroot was eaten. The 
classification of the individuals as excretors and non- 
excretors was based on visual comparison of the 
colour of the two urine samples. When any reddish 
tint could be observed in the second sample relative 
to the first the subject was recorded as ‘excretor’, 
and if otherwise, ‘non-excretor’. It should be noted 
that a great deal of variation was observed in the 
intensity of the red tint in the urine of the excretors. 

As betanin is a pH indicator, the possibility that a 
high pH in the urine could suppress the appearance 
of the colour was checked. It was found that lowering 
the pH near 5 in the urine of the ‘non-excretor’ group 
failed to reveal any reddish tint. On the other 
hand, an increase of pH to 8 in the ‘excretor’ group 
was needed to make the tint fade. Since human 
urine has a pH varying between 4-8 and 8-2 (average, 
6) it can be conciuded that the pH value of the 
urine does not appreciably affect the results. 

It was observed that betanin elimination by the 
adult excretors occurs 4-11 hr. after eating beetroot, 
the most intense concentration of the pigment in 
urine being about 5-6 hr. after ingestion. Among 
children 8-14 years old, the corresponding time is 
3-4 hr. 

A group of 338 individuals from Saéo Paulo was 
examined in State schools for resident pupils, where 
the tests could be controlled. The investigation 


includes 181 Japanese of age-range between 7 and 
24 years, 50 Negroes ‘pure’ and ‘mixed’ of age-range 
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Heterogeneity, x.) = 6°13, P < 0°05. 


Table 1 
No. of individuals Excretors 
Sample | Mean age examined No. Per cent 
Japanese | 14-6 181 80 442 
| Negro } $19 50 16 32-0 
White 23-9 107 33 30-8 
Total | 19-4 | 338 | 129 38-2 





between 20 and 46 years and 107 Whites of age-range 
between 13 and 53 years. The frequencies of excretors 
in the three samples are given in Table 1. 

It should be noted that the frequencies of excretors 
among two different samples of Japanese taken at 
random were 47-6 per cent (m = 103) and 45-3 per 
cent (n = 64). The frequency of excretors among 
Whites from Sao Paulo, who came from different 
European immigrant groups, is higher than that 
observed for the English group (10 per cent)!. This 
fact is likely to be caused by the heterogeneous origin 
of our White sample (mainly of Italian and Portu- 
guese derivation) and/or by differences in technique 
The difference in frequencies of excretors between the 
White and the Negro samples (x7,,, = 0:02, P> 
0-90), or between the Negro and the Japanese samples 
(x24) = 2-40, P = 0-12) is not significant. However, 
the difference in frequencies of excretors between the 
White and the Japanese samples (7%, = 5:03, 
P = 0-025) is significant. The overall frequencies 
of excretors among male (41-1 per cent) and female 
(36-1 per cent) individuals are not significantly 
different (y7,,, = 0-52, P = 0-53). A group of 40 
individuals of the Japanese sample has been investi- 
gated previously for taste thresholds for phenyl- 
thiourea’, but the two traits showed no association 
(x%1, = 2-43, P = 0-12). 

The samples from the three ethnic groups investi- 
gated have different average ages. If betanin excre- 
tion changes with the age of the individual, this 
perhaps could explain the differences found. How- 
ever, classifying the individuals according to the 
overall mean age (about 20 yr.) the results given in 
Table 2 were obtained. 














Table 2 
P ——— 
No. of |  Exeretors 
| Sample Age group individuals (per cent) 
| Japanese below 20 yr. 158 44:3 
20 yr. and over 23 43 5 
White below 20 yr. 34 26:5 
20 yr. and over 73 32-9 


Hence, it can be seen that age variation cannot 
account for the differences found. Therefore, ow 
results suggest marked differences in the frequency 0! 
betanin excretors among racial groups. Studies of 
this trait in other populations should be of interest 


P. H. SALDANHA 
L. E. Macaaies 
Wanpba A. Horta 


Laboratério de Genética Humana, 
Faculdade de Medicina, 
and 
Departamento de Biologia Geral, 
Universidade de Sao Paulo, 
Brazil. 


* Allison, A. C., and McWhirter, K.G., Nature, 178, 748 (1956). 
* Saldanha, P. H., Ann. Hum. Genet., 22, 380 (1958). 
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August 27, 1960 


No, 4739 


FORTHCOMING EVENTS 


Wednesday, August 3I—Wednesday, September 7 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at 


Cardiff) —122nd Annual Meeting. 


Wednesday, August 3! 
At 8 p.m.—Sir George Thompson, F.R.S. : 
Science” (Presidential Address). 


Thursday, September | 

At 10 a.m.—Dr. James Taylor: ‘‘Chemistry is Not Enough, or 
the Increasing Scope of Scientists’ Work in Industry” (Presidential 
Address, Section B). 

At 10 a.m.—Dr. G. 8. Carter : 
(Presidential Address, Section D). 

At 10 a.m.—Sir Alfred Pugsley, F.R.S.: “‘Statics and the Engineer” 
(Presidential Address, Section G). 

At 10 a.m.—Prof. E. Estyn Evans: “‘The Peasant and the Past” 
(Presidential Address, Section H). 

At 10 a.m.—Prof. T. M. Harris, F.R.S.: 
sperms” (Presidential Address, Section K). 

At 10 a.m.—Dr. William Davies: ‘Pastoral Systems in Relation 
to World Food Supplies” (Presidential Address, Section M) 

At 11.15 a.m.—Mr. T. R. Peace: “‘The Dangerous Concept of the 
Natural Forest’’ (Chairman’s Address, Section K*). 

At 2.15 p.m.—Mr. A. B. Oldfield-Davies: ‘“‘Science Broadcasting 
in Sound and Television”’ (Presidential Address, Section X). 


“The Two Aspects of 


“Tropical Climates and Biology” 


“The Origin of Angio- 


Friday, September 2 

At 10 a.m.—Dr. R. van der Riet Woolley, F.R.S.: “Stellar Motions” 
(Presidential Address, Section A). 

At 10 a.m.—Prof. E. G. Bowen: “Welsh Emigration Overseas” 
(Presidential Address, Section E). 

At 10 a.m.—Prof. R. S. Sayers : ‘“‘Monetary Thought and Monetary 
Policy in Great Britain’ (Presidential Address, Section 

At 10 a.m.—Prof. William Burns: “The Physiology of Hearing” 
(Presidential Address, Section I). 

At 10 a.m.—Prof. H. C. Dent: ‘Sixty Years of Progress in English 
Education” (Presidential Address, Section L). 

At 11.30 a.m.—Prof. R. C. Oldfield : ‘‘Experiment in Psychology— 
a Centenary and an Outlook” (Presidential Address, Section J.) 

At 11.30 a.m.—Dr. Michael P. Reece: “The Physical Principles 
of Switches and Circuit-Breakers’’ (Kelvin Lecture). 

At 11.30 a.m.—Mr. W. M. Williams: ‘The Social Study of Family 
Farming” (Lister Lecture). 

At 8 p.m.—Prof. H. Bondi, F.R.S. : 
verse” (Evening Discourse). 


“The Structure of the Uni- 


Sunday, September 4 
At 11 a.m.—Service at Llandaff Cathedral. 
of Llandaff. 


Monday, September 5 

At 10 a.m.—Symposium on “World Food and Population”’. 
Chairmen : Sir George Thomson, F.R.S., and Sir James Gray, F.R.S. 
Principal Speakers: Dr. N. C. Wright, Prof. D. V. Glass, Prof. W. A 
Lewis, Dr. L. Dudley Stamp, Sir Alexander Fleck, F.R.S., Dr. H. D- 
Kay, F.R.S., Prof. P. M. S. Blackett, F.R.S. 

At 8 p.m.—Dr. E. B. Chain, F.R.S.: “‘Microbiological Methods in 
the Development of Drugs” (Evening Discourse). 


Preacher : The Bishop 


Tuesday, September 6 
E At 10 a.m.—Mr. G. F. Mitchell: ‘Pleistocene History of the Irish 
Sea” (Presidential Address, Section C). 

At 10 a.m.—Prof. D. V. Glass: ‘‘Population Growth, Fertility and 
Problems of Policy” (Presidential Address, Section N). 


Wednesday, September 7 


At 10 a.m.—Mr. Martin J. Wells: “‘What the Octopus Makes of 
it: Our World from Another Point of View’’ (Darwin Lecture). 


Thursday, September | 


BRITISH INTERPLANETARY SOCIETY, and the Society oF INSTRU- 
MENT TECHNOLOGY (at Manson House, 26 Portland Place, London, 
W.1), at 10.30 a.m.—Joint Symposium on “Rocket and Satellite 
Instrumentation’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the 
before the dates mentioned : 

BIOLOGIST (with research experience, and preferably with Ph.D. 
qualification) IN THE DEPARTMENT OF ZOOLOGY, to head a small 
research team investigating tank culture of bivalves and marine 
phytoplankton—The Secretary and Registrar, The University, 
Southampton (August 31). 

RESEARCH ASSISTANTS (3) (with, or candidates for, B.Sc. special 
chemistry or B.Pharm. degree of the University of London). Two 
posts in the CHEMISTRY DEPARTMENT, for projects in the fields of 
organic and physical chemistry, and one in the PHARMACY DEPART- 
IT, for a project in any branch of pharmacy approved by the 
Head of the Department—The Registrar, Brighton Technical College, 
Brighton (September 3). 


following appointments on or 
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TEMPORARY TUTOR IN PHILOSOPHY—The Registrar, University 
College, Singleton Park, Swansea (September 3). 

LECTURER (with a good honours degree and preferably teaching 
experience) IN MATHEMATICS at the Nigerian College of Arts, Science 
and Technology, Enugu—The Council for Overseas Colleges, 12 
Lincoln’s Inn Fields, London, W.C.2 (September 5). 

SENIOR LECTURER IN MECHANICAL ENGINEERING at the Jamaica 
College of Arts, Science and Technology, Kingston—The Council for 
ye Colleges, 12 Lincoln’s Inn Fields, London, W.C.2 (Septem- 

er 6). 

SCIENTIFIC OFFICER, for research on environmental physiology 
of the pig—The Secretary, Institute of Animal Physiology, Babraham, 
Cambridge (September 9). 

LECTURER or ASSISTANT LECTURER IN PuHysics—The Registrar, 
The University, Sheffield (September 10). 

TUTORIAL STUDENT (graduate, or about to graduate) IN THE DE- 
PARTMENT OF GEOGRAPHY—The Registrar, King’s College (University 
of London), Strand, London, W.C.2 (September 10). 

ASSISTANT (with a degree in science, preferably honours) IN THE 
CHEMISTRY DEPARTMENT, West of Scotland Agricultural College, 
Auchincruive, Ayr, for work relating to the spectrographic analysis 
of agricultural materials—The Secretary, West of Scotland Agri- 
— College, 6 Blythswood Square, Glasgow, C.2 (Septem- 

er 14). 

LECTURER (engineer or physicist with special qualifications to teach 
one or more branches of electronic engineering, and a good honours 
degree followed by at least three years research or industrial experience) 
IN THE DEPARTMENT OF ENGINEERING—The Secretary, The Univer- 
sity, Edinburgh (September 17). 

LECTURER (medical or honours science graduate) IN THE DEPART- 
MENT OF BACTERIOLOGY—The Secretary, The University, Edinburgh 
(September 17). 

CHAIR OF PSYCHOLOGY in the University of Auckland, New Zealand 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (New Zealand and London, 
September 30). 

LECTURER/ASSISTANT LECTURER (preferably with a good honours 
degree with suitable research and teaching experience, together with 
a good knowledge of both plant and animal biochemistry, with special- 
ist qualifications in either) TO TEACH AGRICULTURAL BIOCHEMISTRY 
at the University of Malaya, Kuala Lumpur—The Secretary, Associa- 
tion of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (Kuala Lumpur and London, September 30). 

LECTURER IN ANATOMY at the University of Western Australia— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia and London, 
September 30). ; 

ECTURER or ASSISTANT LECTURER (preferably with a_ special 
knowledge and research experience in cytology or genetics) IN BOTANY 
at the University College of the West Indies—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (September 30). 

LECTURER (preferably with qualifications in one or more of the 
following fields: climatology, geomorphology, biogeography, or the 
regional geography of North America) IN GEOGRAPHY at the Univer- 
sity of Otago, Dunedin, New Zealand—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1, or The Registrar, University of Otago (New Zealand and 
London, September 30). ; 

LECTURER (with particular interest in the Iron Age of Africa) 
IN ARCHEOLOGY at the University College of Ghana—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (September 30). : 

LECTURER (with postgraduate qualifications and research or clinical 
experience, in addition to competence in general psychology, and 
preferably special qualifications in psychological measurement and 
the assessment of personality) IN PSYCHOLOGY at the University of 
Auckland, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(New Zealand and London, September 30). 

SENIOR LECTURER IN SOIL SCIENCE in the Institute of Agriculture, 
University of Western Australia—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia and London, September 30). 

SENIOR LECTURER IN PREHISTORY IN THE DEPARTMENT OF ANTHRO- 
POLOGY, University of Auckland, New Zealand—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (New Zealand and London, September 30). 

SENIOR LECTURER IN SOIL SCIENCE in the Institute of Agriculture, 
University of Western Australia—The Secretary, Association of Uni- 
versities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia and London, September 30). 

READER IN Puysics at St. Bartholomew’s Hospital Medical College— 
The Academic Registrar, University of London, Senate House, London, 
W.C.1 (October 3). 

LECTURER or SENIOR LECTURER (with a degree in pure science 
and/or in agriculture, preferably with postgraduate experience in 
genetics) IN GENETICS at Canterbury Agricultural College, University 
of New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand and London, October 15). 

AGRICULTURAL CHEMIST (with a good honours degree in agricultural 
chemistry or chemistry, and at least two years postgraduate research 
experience in agricultural chemistry) in Kenya, to take charge of 
research projects into soil and plant nutrition problems of coffee— 
The Director of Recruitment, Colonial Office, London, 8.W.1, quoting 
BCD.63/7/050/T. 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree in physics 
or physical chemistry or H.N.C. or equivalent qualifications), to 
participate on both experimental work and the design of experimental 
apparatus—The Secretary, Low Temperature Research Station, 
Agricultural Research Council, Downing Street, Cambridge. 

ASSISTANT LECTURER (Grade B) IN MATHEMATICS—The Clerk to 
the Governors, Chelsea College of Science and Technology, Manresa 
Road, London, 8.W.3. 
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ASSISTANT LECTURER IN Puaysics—The Registrar, The University, 
Nottingham. 

ASSISTANT PROFESSOR or ASSOCIATE PROFESSOR (PHYSIOLOGIST, 
with an M.D. or Ph.D. degree, and capable of independent research) 
IN THE DEPARTMENT OF PaysioLoGy—Prof. M. Beznak, Department 
of Physiology, University of Ottawa, Ottawa, Canada. 

CHAIR OF MECHANICAL ENGINEERING in the Faculty of Engineering 
of University College, Ibadan, Nigerian College of Arts, Science and 
Technology—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1. 

CHEMIST (with a good honours degree in chemistry or equivalent 
professional qualification, and preferably specialization or experience 
in public analyst work) IN THE GOVERNMENT CHEMISTS DEPARTMENT, 
Government of Tanganyika, for general analytical work in the fields 
of toxicology, food and drugs, and water; and the supervision of 
assistants—The Director of Recruitment, Colonial Office, London, 
S.W.1, quoting BCD.117/8/037. 

Deputy DrREcTOR (with an honours degree in natural science, 
together with considerable postgraduate research experience, prefer- 
ably not less than 10 years) OF AGRICULTURAL RESEARCH, Moor 
Plantation, Ibadan, Nigeria, to assist the Director of Agricultural 
Research in administrative duties—The Appointments Secretary, 
Federal Public Service Commission, Nigeria House, 9 Northumberland 
Avenue, London, W.C.2, quoting B.14/1. 

HISTOLOGICAL SENIOR TECHNICIAN or TECHNICIAN IN THE 
DERMATOLOGICAL DEPARTMENT, mainly for research—The Secretary, 
University College Hospital Medical School, University Street, London, 

VC. 


LECTURER or JUNIOR LECTURER IN THE DEPARTMENT OF ZOOLOGY 
AND COMPARATIVE ANATOMY—The Secretary, The Medical College 
of St. Bartholomew's Hospital, West Smithfield, London, E.C.1. 

LECTURER (preferably with a knowledge of heat transfer and its 
application to the design and operation of furnaces, etc., or practical 
experience of fuel using plant generally) IN FUEL TECHNOLOGY IN 
THE DEPARTMENT OF FUEL SCIENCE of the Houldsworth School of 
Applied Science—The Registrar, The University, Leeds 2. 

PEsT CONTROL OFFICER (preferably with a degree in general science 
and considerable practical experience in the control and elimination 
of insect pests and diseases of groundnuts) in Gambia, to eliminate 
or control insect pests and diseases affecting groundnuts and to enforce 
the Pest Control Legislation—The Director of Recruitment, Colonial 
Office, London, 8.W.1, quoting BCD.63/12/09/T. 

Paysicist (Basic grade), for work which will include problems of 
dosimetry of a new type linear accelerator as well as the existing 
cobalt unit and conventional X-ray apparatus—The Superintendent, 
Guy's Hospital, London, 8.E.1. 

POSTGRADUATE STUDENTS IN (1) MOLECULAR QUANTUM MECHANICS, 
and (2) ORGANIC NATURAL PRODUCTS, IN THE DEPARTMENT OF 
Cuemistry, for work leading to M.Se. or Ph.D. degrees—Head, 
Chemistry Department, University of Saskatchewan, Saskatoon, 
Saskatchewan, Canada. 

RESEARCH ASSISTANT or TECHNICIAN (preferably with some ex- 
verience of photography and/or workshop practice) IN THE PHYSICS 
DEPARTMENT, to help with experimental work on the strength of 
glass—The Professor of Physics, University College of North Stafford- 
shire, Keele, Staffs. 

REXCO RESEARCH AND DEVELOPMENT COMPANY RESEARCH STU- 
DENTs (with, or anticipating to have, a good honours degree in chem- 
istry, Grad.R.L.C., or a Dip.Tech. in pure or applied chemistry) 
IN THE DEPARTMENT OF PURE AND APPLIED CHEMISTRY, for the study 
of products from the low temperature carbonization of coal—Head 
of the Department of Applied Chemistry, Northampton College of 
Advanced Technology, St. John Street, London, E.C.1. 

SCIENTIFIC OFFICER (with an honours degree in physics or physical 
chemistry) IN THE BIOPHYSICS SECTION, to undertake investigation 
of virus and antibody systems by such methods as electron-micro- 
scopy, analytical ultracentrifugation and optical analysis generally— 
The Secretary, Research Institute (Animal Virus Diseases), Pirbright, 
Surrey. 

SCIENTIFIC OFFICER WITH THE DAIRY MARKETING BoARp of Southern 
Rhodesia, to set up and operate a central laboratory in Salisbury 
for the qualitative control of the Board’s products, assume responsi- 
bility for laboratory control at the Board's factories, and to investigate 
the development of new milk products—The Secretary, Dairy Market- 
ing Board of Southern Rhodesia, P.O. Box 587, Salisbury, Southern 
Rhodesia. 

STUDENT TECHNICIAN (well-educated girl approximately 18 years) 
to assist in clinical research investigations on chests in the Surgical 
Unit—The Secretary, University College Hospital Medical School, 
University Street, London, W.C.1. 

StupENT (with good honours in a first degree in physics) IN THE 
DEPARTMENT OF Puysics, for research on the thermionic and related 
aspects of the direct conversion of thermal to electrical energy—The 
Professor of Physics, The University, Southampton. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Council for the Preservation of Rural England: Sheffield and Peak 
District Branch. Annual Report, May 1960. Pp. 30. (Sheffield : 
Council for the Preservation of Rural England, Sheffield and Peak 
District Branch, 1960.) [156 

British Broadcasting Corporation. B.B.C. Engineering Monograph 
No. 30: Film Processing and After-Processing Treatment of 16-mm 
Films. By L. J. Wheeler. Part 1: Film-Processing Equipment in the 
B.B.C. Television News Service. Part 2: After-Processinz Treatment of 
16-mm Films. Pp. 19. (London: British Broadcasting Corporation, 
1960.) 5s. 156 

Central Advisory Water Committee. Sub-Committee on the Growing 
Demand for Water—Second Report. Pp. 5. (London: H.M. Stationery 
Office, 1960.) 6d. net. [206 
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Colonial Development Corporation. Annual Report and Sta 
of Accounts for vear to 31.12.59. Pp. v+77. (London: H.M.§ 
ery Office, 1960.) 58. net. 


Other Countries 


Ministerio de Agricultura, Bogota, D.E.-Colombia. Departamenig. 
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